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FOREWORD 


Administration, rather than invention, may be said to be the major and urgent 
problem faring? modern industry. Individual concerns have grown enormously 
in size. Many, extending their activities from winning raw materials to market- 
ing the product, have greatly increased in complexity. These changes alone 
would put a premium on managerial ability. But this is not all; the secret of 
productivity has, within the last ftwv' years, been discovered and exploited. 

The idea is simjdieity itself. On the one hand, as exemplifi(‘d m the biscuit 
industry, the manufacturing process must become continuous and automatic; 
on the other hand, especially in many engineering w^orks, production has to be 
split into a multitude of single operations, so eorr(‘lated that each part ultimately 
lits exactly into the wdiole assembly. 

Now consider what this m(‘ans in practice. The article must not only b(‘ 
design(‘d to function f flieiently, but also must be 'planned so that it may be 
analvsed into an orderl\ setiueiiee of simple operations or processes. Machines 
must be chosen, if iht cI he designed and constructed, to carry out each operation 
speedily and accurate ly. The layout of the works themselves must b(‘ such that 
there is a proper tlow^ of materials; the machines must in number and arrange- 
ment lie such that the riglit iiurriber of parts is produced to time, nicely lialancing 
the various outputs. Since in this new industry the human element is linked 
to the machine- the ojic'rator’s skill must be adjusted to it and his work-rhythm 
must beat to its time the selection and management of works personnel is of 
fundamental imjiortance. 

One can thus easily understand wdiy the nunilxT of trained technicians 
(anploy{‘d m modern businesses has risen considerably. Not so widely recognized 
is the fact that an entirely new' type of executive personnel is in demand. Of 
those who enter industry now, a much smaller proportion is engaged in design 
or investigation of the product; by far the greater number is required to design 
and organize production. It is quite safe to say that ninety out of every hundred 
young technicians entering on an industrial career will, in the end, be found on 
the staff of the works executive and not, as formerly, in the design office. They 
wid become managers. The demand is for managers, but for managers selected 
from those who in ability, training, and intelligence are in no way inferior to 
those who pass on to work out more theoretical problems. It is one of the dis- 
coveries of modern industry that brains are needed as urgently in the factory 
as in the design office or the laboratory. 

Doubtless administrative ability, no less than the mathematical, is a gift, 
but both equally need instruction and both must be efficiently trained. Thus 
technical education is set a fresh task. Experience and experiment over a 
century have provided a basis for the sound education of chemists, physicists. 
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und technical designers, but for the training of managers there is little guidance 
either as to teaching methods or the eontent of an educational scheme. 

It is when the need for such novel courses arises that the technical colleges 
most feel the bene/h of the system whereby they enlist expert industrialists on 
their staffs as part-time lecturers. Among su<‘h is Mr. Larkin ; and, when a while 
ago 1 entrusted him with the task of providing courses in faetory management, 

I rc.alizcd as never t)efore how a ripe practical training and experience in respon- 
sible executive positions, combined with teaching experience, could make a 
new subject of this type successful and realistic. 

Among the fruits of his labours in this direction is this book on factory 
management. When Mr. Larkin showed me his manuscript, I saw at once that 
in a practical fashion he had covered the whole of the factory system from lay- 
out to sales, from design to machines, from production planning to the tool 
room, with all those charts, schedules, tables and calculations by which such 
linelv adjusted organization is achieved. Nor has he neglected questions of 
personnel. .Selection, health, and well-being of staff are matters of which the 
importance inereasi'S dailv. More vital even is the question of education of 
young entrants, and in this connection his own svstem of workshop training, 
worked out carefully m a large concern over a period of years, should, with its 
novel method of control, ajipeal with special interest to those who have the 
task of superv ismg the careers of apprentices. Here then is the tale of just what 
IS doiK' in actual factories and how it is done. 

.Such a textbook the adv'aneed student has long needed. Yet the foreman, 
the young executive and even the more responsible manager should find it a 
help III dailv prolilems. t'ertaiulv it is of value to those, such as I, who take an 
intense, if necessarily detached, interest m indiistrv and the wavs of industrv. 

W. ALFHEI) UK'TIARD.SON 
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PREFACE 


Factory management is, as will be realized, an extremely wide subject with 
many phases. To condense the subject into a book of reasonable compass 
quite obviously creates difficulties, and therefore those sections which are more 
general in character and which I feel are adequately covered by other books 
have been abbrcA iated. More* particularly does this apply to the work ot the 
accountant, whose primary duty is, of course, to sejuiratc Capital from Revenue. 
The information which has been inchuled concerning the accountant’s activities 
may be regarded as that portion with which every engineer should be familiar 
if he is to be eflicient in the carrying out of his dutic >. 

A work of this kind, in order to be useful, must iu>l only give an account of 
the arrangement hut must show the means by nhich the management can 
(ffectively carry out its prescribed organization. Accordingly, an endeavo\ir 
has been made to include the most acceptable forms, charts, and graphs to be 
used in the factory. Experience of more llutn twenty years in industry has 
])roved to me that these are not a mattei nf minor importance. Indeed, not 
only do they require th(‘ utmost consideration if efiici(‘nt operation is to bt‘ 
(insured, but they may be r(*gard(‘d as the key to the whol(‘ situation. 

I take this opportunity of expiTs->ing rny indebtedness to those colleagues 
who have so readily assisted in proxiding many useful data, to the several 
linns who have (nhaneed th(‘ utility of the book by kindly supplying 
f)hotographs and oth(T information on recpiest, and to the Hritish Standards 
Institution and for th(‘ir h(‘lpful co-operation. 

KDCAH J. LARKIN 
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CHAPTER I 

THE MANAGEMENT FUNCTION 


Definition of Terms 

Let us begin by defining the two 
words “organization” and “manage- 
ment.” On referring to the Oxford 
Dictionary we find that “organiza- 
tion” is described as “the condition 
of being organized ; the mode in which 
something is organized ; systematic 
arrangement for a definite purpose.” 
The interpretation of the verb “to 
organize” is “to form ij»to a whole 
with interdependent parts; to give a 
definite and orderly structure to; to 
systematize ; to arrange something 
involving united action.” Accordingly, 
the meaning o£- “ organization ” when 
applied to a factory may briefly be 
described as the systematic arrange- 
ment of buildings, equipment, and 
individuals in order to achieve a 
definite objective. It is the actual 
method of nfanagement, the direction 
and control of all the factors involved 
in manufacture, and the plan by which 
individuals work separately and collec- 
tively to accomplish a given task. 

Again using the Oxford Dictionary, 
we find that “management” is defined 
as “ the action or manner of managing ; 
power of managing; administrative 
skill,” whilst the meaning of the ^*cTb 
“to manage” is “to control the course 


of affairs by om’s action; to control 
the affairs of an institution, state, 
efe. ; to administer finance, provi- 
sions, etc. ; to deal with carefully.” 

Works managemi iit is therefore the 
skill with which a factory is controlled 
and operated. It is the invisible force 
which is behind the life of the factory. 
Finance, equipment and materials 
may be organized, and employees may 
carry out their duties, but unless 
systematic management directs the 
operations, their performance may 
become so uneconomical as to cease 
entirely. It is only by the influence of 
the management function that money, 
materials, men or machines can pro- 
duce any result. 

Administration 

Next, let us consider for a short 
time the structure of the enterprise, 
after which we shall better appreciate 
the functions of the various executive 
heads. 

At the supreme head of the business 
there is, of course, the owner. Owner- 
ship may be invested in an individual, 
in a partnership, or in a corporation, 
the latter being either a public body 
or else represented by shareholders. 
There is a clear distinction between 
i 
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ownership or corporate activities and 
purely operating ones, and the accom- 
panying diagram (Fig. 1) will serve to 
show the usual line of demarcation. 

In a firm of any magnitude the 
position of the chief executive officer, 
usually styled the general manager, 
is by far the most important and most 
onerous of all. It is for him to inter- 
pret carefully the policy of the ad- 
ministration. This will include the 
establishment of the business, the 
co-ordination of finance, production, 
and distribution, the settling of the 
extent and form of the business, 
and the provision of ultimate control 
and co-ordination of executive effort. 
Consequently, as the operating head 
of the enterprise the chief executive 
officer must convey this policy to all 
whose function it is to operate the 
business. This is an arduous task, 
making it particularly desirable that 
a minimum number of individuals 
should report direct to him, thereby 
allowing adequate time for policy 
development. 

It will be as well to remember that 
at the present time there is a decided 
tendency for commercial undertakings 
of every description to amalgamate, 
thus cheapening production costs 
chiefly by concentrating manufacture 
of certain products at particular 
factories, reducing competition and 
obtaining a monopoly, and lowering 
overhead charges. This makes it 
increasingly important that the chief 
executive officer should be an indi- 
vidual of exceptional all-round ability. 
It is not enough for him to exercise 
authority — he must consciously influ- 
ence the co-ordination of the thoughts 


and actions of those working under 
his authority. The role is a very 
difficult one, because the strongest of 
all human instincts is that of self- 
preservation, and there is an uncon- 
scious tendency for individuals to 
consider their own interests before 
those of others. 

Systematic Management 

Although systematic management 
includes the fixing of routine, its 
primary object is the planning of 
responsibilities. There must be some 
tolerance in this respect to meet the 
lack of uniformity in individuals, 
much the same as tolerances in 
dimensions are laid down to allow for 
permitted variations in workmanship. 
It is not always possible to replace 
one individual by another in receipt 
of much the same salary. It is fre- 
quently necessary to fit the job to the 
individual rather than the individual 
to the job. 

With the expansion and growth of 
the engineering industry a science of 
works management has evolved which 
does not appear to follow any clearly 
defined lines of development. In all 
probability modifications have been 
necessitated by circumstances and 
immediate requirements. Indeed, 
many traditional practices may have 
been accepted without consideration 
of their continued suitability. Devel- 
opment of the equipment and opera- 
tions, and perhaps even more so the 
size of the plant, has necessitated the 
application of scientific principles, 
not only to the paramount question 
of costs but also to the division and 
delegation of responsibility which 
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^ SHAREHOLDERS 
(Providing the capital necessary to commence and carry on 

the business.) 

BOARD OF DIRECTORS 
(Appointed from and by the Shareholders 
to control the activities of the 

business.) 

EXECUTIVE COMMITTEE 

(Generally full-time senior 
officers, who carry out 
\ the affairs of the busi- 
\ ness m accordance / 

\with the policy laid / 

\. down by the / 

\ Directors.) / 


EXECUTIVE HEAD OF BUSINESS 
(The principal active officer 
of the concern. He is res- 
ponsible to the Directors 
and IS sometimes Chairman 
of the Executive Committee.) 



Fig. 1. Chart Illghtrating Corporatk Form of Organization 
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otherwise might exceed the limits of 
individual ability. 

It need hardly be said that a mere 
system is insufficient. Morale and 
loyalty must be encouraged. If men 
are regarded as cogs in a machine they 
will certainly not be anything more. 
Every employee, no matter how 
humble his position may be, has a 
share in the success of the whole enter- 
prise, and the co-operation of all the 
staff must be secured, and their skill 
and initiative utilized to the fullest 
extent. 

Those in authority should always 
remember that boredom kills effi- 
ciency. It is, therefore, a function of 
good management to make the work 
as interesting as possible. Those 
whose work is of a routine character 
should be encouraged by alternative 
interests, and at all times the door to 
promotion should be kept open. The 
importance of the latter cannot be 
over-estimated — everyone should be 
given an opportunity for improving his 
position. 

Briefly, the requirements of manage- 
ment are eightfold — 

(1) A practical knowledge of the 
industry. 

(2) Personality, i.e. self-confidence, 
energy, foresight, and initiative. 

(8) Broadmindedness, i.e. a recep- 
tivity to new ideas. 

(4) Understanding of human nature, 
i.e. impartiality, fairness, and con- 
sistency. 

(5) Leadership, i.e. ability to obtain 
co-operation and co-ordination with 
discipline. 

(6) A keenness for efficiency. 

(7) A distaste for waste. 


(8) Ability to analyse reports and 
extract important information. 

The success or failure of any organ- 
ization depends ultimately on securing 
the fullest co-operation of the heads of 
sections, t^e foremen, and through 
them all 'the employees. Management 
must therefore (1) always try to look 
at things from the employees’ stand- 
point, (2) make the fullest use of 
everyone’s abilities, and (8) supply 
whatever information may be neces- 
sary to all concerned. 

A faulty organization results in 
executives having to struggle with a 
mass of detail ; thus time and material 
are wasted and orders are not fulfilled 
punctually. On the other hand, a 
good organization allows executives 
freedom to think constructively and 
to devote attention to essential matters, 
and it secures a smooth flow of pro- 
duction and ability to deal with 
unexpected demands. 

Types of Organization 

There arc three recognized forms 
of industrial organization — Mili tary, 
Functional, and Line and Staff. 

Let us consider each of these 
types. 

1. Military Organization. In this 
type of organization there is a direct 
flow of authority from the head of the 
firm to the departmental chief in 
charge of particular officers of the 
business, and from these officers to the 
whole of the works. The apparent 
simplicity of the scheme, which is 
illustrated by the accompanying ex- 
ample (Fig. 2), is not consistent with 
modern requirements. A departmental 
chief is responsible for everything 
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within his department. His duties are, 
therefore, extremely varied, and con- 
sequently it is very difTicult to secure a 
suitable man when starting a new 
business on a large scale. 

Head of Business 


I I i 

Salesmen Foremen (’ashitT 

I 

Operators 

Fig. 2. Military Type of Organization 

To take an example, we have a 
machine shop foreman responsible for 
the following— - 

(1) The successful running of the 
entire shop. 

(2) Layout of equipment. 

(3) Instructions to and the traming 
of men. 

(4) Planning and ju’ogressing of 
work. 

(5) Diseipliiu*, time-keeping, and 
records. 

(6) Encouragement of loyalty and 
enthusiasm. 

It is a task which has no delinite 
limits, and consequently cannot be 
accomplished by one man. The fore- 
man is not train(‘d for all these duties, 
but is usually selected for ability in 
one or two directions, which is no 
guarantee of equal ability in others. 
He is therefore compelled to leave 
much to his subordinates, even though 
it may not be the practice to delegate 
specific duties. 

Dr. Frederick W. Taylor, who has 
been described as the father of scientific 
industrial organization and manage- 
ment, and who laid its foundations 
between 1880 and 1890, gave the 

3— (B.354) 


following ten qualities of a well- 
rounded man — 

(1) Brains. 

(2) Education. 

(3) Special or technical knowledge. 

(4) Manual dexterity or strength. 

(5) Tact. 

(6) Energy. 

(7) * Grit. 

(8) Honesty. 

(9) Judgment or common sense. 

(10) (iood health. 

He rightly states that a person possess- 
ing three of the above qualities can be 
hired at any time for a labourer’s 
wage, while a combination of four of 
thes(‘ qualities demands a higher wage. 
Anyone with five such qualities be- 
comes hard to find, and those with six, 
seven or (‘ight are very rare indeed. 
With this conception. Dr. Taylor 
enumerates, as follows, the duties 
which a foreman in charge of a section 
of a machine shop will be called upon 
to perform under the military system, 
and the knowledge or cpialities de- 
manded of him on that basis — 

First : He must be a good machinist ; 
this attainment alone represents 
years of special training, and limits 
the choice to a comparatively small 
class of men. 

Second: He must be able to read 
drawings readily, and have sufficient 
imagination to see the work clearly 
before him in its finished state. To do 
this he must at least have a certain 
amount of brains and education. 

Third: He must plan ahead and see 
that the right jigs, clamps, and appli- 
ances, as well as proper cutting tools, 
are available and are used to set the 
work correctly in the machines and 
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cut the metal at the right speeds and 
feeds. This necessitates ability to 
concentrate the mind upon a multitude 
of small details, and take pains with 
little, uninteresting things. 

Fourth : He must see that each man 
keeps his machine clean and in good 
order. This calls for the influence of a 
man who is naturally neat and orderly 
himself. 

Fifth: He must see that each man 
turns out work of the proper quality. 
This requires the conservative judg- 
ment and honesty that are the qualities 
of a good inspector. 

Sixth: He must see that the men 
under him work steadily and quickly. 
To accomplish this he should himself 
be a hustler, a man of energy ready to 
pitch in and infuse life into his men 
by working faster than they do, and 
this quality is rarely combined with 
the painstaking care, the neatness and 
the conservative judgment demanded 
as the third, fourth, and fifth require- 
ments of a supervisor. 

Seventh: He must look ahead over 
the whole field of work and see that 
the parts go to the machines in their 
proper sequence, and that the right 
job gets to each machine. 

Eighth : He must, at least in a 
general way, supervise the time- 
keeping and fix the piecework rates. 

Both the seventh and eighth duties 
call for a certain amount of clerical 
work and ability, and this class of 
work is almost always repugnant to 
the man suited to active executive 
work, and difficult for him to do ; and 
the rate-fixing alone requires the whole 
time and careful study of a man speci- 
ally suited to its minute detail. 


Ninth : He must discipline the men 
under him, and readjust their wages ; 
and these duties call for judgment, 
tact, and judicial fairness. 

Tenth: He must enjoy good health 
without which it is impossible for aij- 
individual to devote his energy whole- 
heartedly and efficiently to the daily 
task which lies before him. 

This enumeration of the duties of a 
supervisor by Dr. Taylor was the first 
real analysis of the military system 
supervisor. This analysis still holds 
good except that many present-day 
leaders would not consider that 
“hustling” and “pitching in” infuse 
life into people, as suggested by Dr. 
Taylor in his sixth point. The per- 
sonality of a supervisor should create 
harmony and he should lead his staff 
rather than “ hustle ” them in order to 
achieve the best results. 

It is at once clear that the duties 
which the everyday supervisor is 
called upon to perform under this 
system demand that he should possess 
a large share of the qualities of the 
well-rounded man to whom reference 
has previously been made. Dr. Taylor 
genially states that anyone possessing 
all the qualities would not be a foreman 
or supervisor but the works manager 1 

2. Functional Organization. The 
work of management in this type of 
organization is analysed and distri- 
buted to individuals each of whom is 
responsible for the performance of one 
particular function, or at any rate 
those functions which require essen- 
tially the same qualifications, thus 
permitting a concentration of effort. 
With such an organization it will be 
appreciated that the operator will 
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come into contact with a number of 
foremen instead of one, although these 
functional foremen will not necessarily 
spend equal times with him. The 
system is comparable to s{)eeiahst 
masters in schools. 

The chief advantage of a system of 
functional organization is that in a 
comparatively short space of tin>e it 


General Manager 



Fl(t Fl N( TIONAL Tin OF Ori.amizahon 

IS possible* to tniin men adecpuitely to 
perform the fiinetions demanded of 
them. A glanee at the duties of the 
functional foreman will show that 
he is not required to have over lour 
or five of the ten (jualities of the 
well-rounded man. 

The system is illustrated in the 
accompanying example (Fig. 3). 

Functional organization has not 
been fully adojited for one or more of 
the following reasons — 

(a) It is cumbersome and expensive. 

(b) There is a tendency to evade 
responsibility. 

(e) The teaching of “ellieieney” is 
not very popular as it tends to ignore 
individuality and repress experience 
and originality. 

{d) It is unsatisfactory to attempt 
to “serve two masters.” 


(e) Close attention to details is 
necessary, broader aspects and larger 
factors not being given due con- 
sideration. 

The main development of functional 
organization has been in the direction 
of functionalized departments working 
through a single foreman. In other 
branches of the business, apart from 
foremanship, considerable departures 
have been made from the original 
military idea with its improvements 
of adequate supervision. 

3. Line and Staff Organization. This 
system is a combination of the military 
and functional tyjies of organization. 
It ‘h'velops the b(‘st possibilities of 
both and does not have the faults of 
either. It has for its foundation the 
joining of the functional idea with the 
direct How of authority exercised in 
the military organization. That is to 
say, the line and staff scheme com- 
bines the necessary flow ot authority 
from top to bottom, as in the case of 
the military type, with side channels 
of authority flowing out from the 
mam stream at different jioints in the 
form of functit)nal or staff depart- 
ments. These staff departments have 
not only fixed responsibilities, but 
definite supervision over other sections 
of the organization. Directions from 
these departments must be observed 
by other co-ordinate d(*partments and 
by subordinates in the same manner 
as if the orders had come from the 
head of the organization or from those 
immediately responsible to him. The 
authority of the staff department is 
supreme in its particular field of 
operation, though it may always be 
modified or its responsibilities changed 




Fig. 4. Moderx Organization for Engineering Factory 
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through conference with higher 
authority. 

To clarify the distinction between a 
line man and a staff man, or a line 
department and a staff department, a 
basis for discrimination may be given. 
A line man is one whose work deals with 
more than one phase of his division 
of the business, and who has “pro- 
ductive” workers under him. A staff 
man deals with one particular phase 
of the business, or, if his work be of 
a general character, he does not control 
any “productive” workers. The usual 
functions in any business are as 
follows — 

(1) Designing. 

(2) Purchasing and Storekeeping. 

(8) Manufacturing. 

(4) Accounting. 

(5) Selling. 

(6) Labour and Establishment. 

Each department has supremacy in 
its own particular domain and its 
responsibility is clearly defined. There 
is, however, mutual help amongst the 
departments without any overlapping 
of duties. The author’s idea of a sound 
line and staff organization, suitable 
for an engineering factory, is shown 
in Fig. 4. Whilst it is recommended 
that such a management or organiza- 
tion chart should be freely circulated 
to all responsible assistants within the 
organization, it should be remembered 
that these charts are only pictures of 
the organization and not the organiza- 
tion itself. The charts cannot portray 
the pulsating activities of the organ- 
ization, nor can detailed duties be 
shown. In spite of this they are 
extremely informative, and it is 


recommended that they be supple- 
mented by other charts representing 
individual departments and shops. 
An example is given in Fig. 5 which 
shows the organization of a mill- 
wrights’ shop for a large factory. 

Development of Organization 

Every step taken in the develop- 
ment of the organization should be 
one of morale building and not morale 
destroyiivg. In the former there is a 
full utilization of the skill, initiative, 
judgment, and training of each mem- 
ber of the staff, and development of 
these qualities in all, whilst everyone 
is encouraged to welcome responsi- 
bility and at the same time co-operate 
with others in the co-ordination of 
effort. In the latter the authority of 
the individual is restricted, initiative 
hindered, judgment overridden and 
action hampered by microscopic divi- 
sion of responsibilities. The conditions 
which tend to destroy morale generally 
develop gradually. Over-organization 
may be as harmful as under- 
organization, the former being good 
organization taken too far — hence the 
necessity for a proper balance. 

A sound administration will pay 
adequate attention to each of the 
following rules — 

(1) Everyone should be expected to 
do some thinking and show some 
initiative. 

(2) Supervisors should have suffi- 
cient work to do — otherwise jealousies 
will be engendered and co-operation 
will be reduced, with a resultant 
conflict of authority. 

(8) Seniority should not govern 
organization development. Some pre- 
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detennined scheme of promotion is 
very necessary, but education, intelli- 
gence, and general suitability for every 
position are of the greatest importance. 

(4) The head of any department 
should be a real head and not merely 
a chief clerk. His ability and action 
should be the factor of safety which 
will enable the organization to stand 
the maximum strain upon it. He 
should have ability to control and 
supervise, to inspire and to enthuse. 

It only needs a moment’s thought 
to see that works management is a real 
science and that it becomes increas- 
ingly so day by day. It is, therefore, 
of first importance that those “at the 
top” should be completely satisfied 
that the fullest co-operation is being 
obtained between the various depart- 
mental chiefs and other officials. The 
slightest friction in the organization 
will result in inefficiency and may 
indeed be dangerous. 

The smooth working of any organ- 
ization is best secured by some form of 
advisory committee. Such a com- 
mittee might include the works 
manager, the production engineer, the 
technical engineer, the plant and 
machinery engineer, the sales manager, 
and possibly foremen of the more 
important departments. Meetings 
should be held three or four times a 
year, when consideration w'ill be given 
to (a) new designs, and modifications 
to existing ones, (6) relation between 
sales and production, (c) meth 9 ds of 
cost reduction, and (d) routine opera- 
tion, orders, and delays. 

Extremely close co-ordination be- 
tween the designing staff and manu- 
facturing departments is essential if 


costs are to be kept down to a 
minimum. As a case in point every 
draughtsman should be well versed in 
shop practices, otherwise he will be 
unable to take full advantage of any 
new machinery and of new systems of 
manufacture which are continually 
being developed. Further, he should 
be in touch with the works estimating 
and central planning departments, and 
he will then better appreciate the 
relative cost of putting into practice 
different forms of design, and will be 
guided by such knowledge in the 
future. In .>hort, he should not con- 
sider the drawing office his total sphere 
of operation l)ut he shoiild be allowed to 
make himself familiar with all aspects 
of production. Similar encouragement 
should be given to all other key grades. 

Overloading of Duties 

It is desirable that every officer in 
the concern, whether he be the works 
manager, a departmental chief, or a 
head foreman, should devote certain 
time to research and development in 
his own particular sphere. There is a 
tendency in industry to-day to over- 
load the supervisors. As a result 
routine work takes up the whole of the 
available time, causing considerable 
waste of useful brain power, and 
consequently progress is seriously im- 
peded. Such overloading of duties is 
indeed false economy. 

Budget Control 

Budget control fixes the limit of 
expenditure having regard to antici- 
pated income. Its application repre- 
sents the ideal financial control. 
Budgets can be prepared annually. 
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quarterly, or even at shorter intervals, 
the head of each department submit- 
ting his own budget and being held 
responsible for it. It thus becomes a 
personal matter for each chief, and 
will tend to stimulate his efforts. The 
general manager, or equivalent officer 
of the company, will jirepare the final 
budget from the individual budgets 
submitted by departmental chiefs. It 
is not sufficient for the works to lie 
operated on a total budget figure. 
This should be subdivided first into 
the various departments and then into 
different sections. The division of the 
budget should in fact be extended to 
the intelligent control of such expenses 
as small tool issues. Files, taps, drills, 
chisels, lead hammers, sponge cloths, 
and many other items each spell 
£ S.D. in capital k'tters. There should 
be a common basis for such items, and 
the average cost per employee in the 
various departments should be pre- 
determined. Otherwise, though allow- 
ances may be made for different 
classes of work, the actual difference 
may prove to be out of all proportion 
to the nature of the work. 

Budgeting should not be confused 
with costing, the results of which are 
history. 

Provision of Charts 

The utility of charts and graphs in 
portraying outstanding features associ- 
ated with systematic management can 
scarcely be over-estimated. It may be 
said at once that no statement of 
figures has the same practical value as 
a graph when making comparisons. 
Graphs may be arranged on orthodox 
lines or in the form of a barometer. 


They can show various sources of 
income and expenditure, man-hours 
worked, output in tonnage or quanti- 
ties, value of orders on hand and of 
those still outstanding, the number 
of staff absent, accidents and com- 
pensation paid, etc. Machine record, 
load, progress, and similar charts, in 
the form of the well-known Gantt 
chart, showing what was planned and 
what was achieved over a given period, 
make it possible for the executive to 
foresee future happenings with con- 
siderable accuracy. The underlying 
idea is to become chart- and graph- 
minded, and to plot some feature to 
a good scale which has not previously 
been plotted. It will open up fresh 
avenues of thought. 

Technical En^eer or Production 
Engineer 

Broadly speaking, the science of 
engineering may be divided into two 
sections — 

(1) Design. 

(2) Production. 

It ca.i be stated that the genius of 
engineering design and the genius of 
production engineering, moulded into 
one individual, is, in the light of 
present-day standards, a rarity almost 
to the point qf extinction. The former 
requires a wide theoretical and prac- 
tical knowledge of the industry, the 
latter requires a natural ability to 
organize and control men and equip- 
ment^ Whilst a chief must of necessity 
be ready to cope with any subject, he 
invariably concentrates on his stronger 
points and leaves the rest to others 
who are, no doubt, as capable in other 
directions. 
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A young man who has received his find out the outstanding qualities of 
preliminary training should decide each member of his staff, and as far as 
which is his strong forte and develop possible give him every facility for 
it to the best of his ability and oppor- developing those qualities — this repre- 
tunities. An employer or a works sents real management, and is bound 
manager should make it his business to to benefit the organization. 

The ho^ft tufipireft fear ; the leader inspires 
enthusiasm. . . . Tin boss says, Get here on 
time ” ; the leader gets there ahead of time. . . . 

The boss makes work a drudgery; the leader 
makes it a game. 


Quoted in The Times. 



CHAPTER II 

SELECTION OF A FACTORY SITE 


The choice of a factory site must 
always be regarded as a major prob- 
lem by those responsible for such a 
task. It is an event which, if it occurs 
at all, will usually occur once in a 
lifetime, and is therefore of paramount 
importance. There are the pros and 
cons to be considered with every 
potential industrial site, and the plant 
engineer must rise to the occasion in 
the earliest stages as, once the site has 
been purchased and the factory 
erected, disadvantages which were not 
foreseen at the time when the site was 
bought may become only too obvious, 
and may represent a hidden expendi- 
ture which may exist for all time and 
must inevitably be reflected in the 
selling price of the product to be 
manufactured. 

Preliminary Considerations 

Before any site can be considered, 
some general planning of the proposed 
factory must be carried out. The work 
involved can be conveniently divided 
into four distinct categories — 

(1) The determination of the floor 
space required for the manufacture of 
the product, plant services, stores, 
dispatch, warehouse, transport, admin- 
istrative offices, and welfare activities. 

(2) The determination of the actual 
dimensions and construction of the 
buildings required. 

(8) The determination of the ar- 
rangement and relative location of the 
manufacturing and ancillary depart- 


ments — an arrangement which must be 
done in a manner that ensures maxi- 
mum economy in both capital and 
running costs. 

(4) The determination of the open 
spaces required for natural light, light 
railways and roads, storage of material, 
and recreation. 

Each of these four sections presents 
its problems, and the amount of time 
and thought to be occupied over each 
will vary according to the size and 
complexity of the proposed business. 
The more difficult problems will arise 
in those trades where many processes 
are involved, or in those involving 
several kinds or a considerable quantity 
of material. At the same time it must 
be admitted that big operations pre- 
sent their own difficulties where manu- 
facture is to be carried out on a 
particularly large scale. What is 
essential in all cases is a very thorough 
and complete knowledge of the manu- 
facturing problems of the industry for 
which a site is required. The same 
remarks apply equally if it is an exten- 
sion or a partial reorganization of an 
existing factory which is contemplated. 

It is perhaps hardly necessary to 
point out that the adoption of a lay- 
out at once limits the extent to which 
many of the requirements may be met. 
There is, of course, the question of 
providing for future extensions, a 
matter which should never be lightly 
passed over, yet the proposed layout 
will even sooner cause many questions 
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of construction to arise. Accordingly, 
the investigations which require to be 
carried out must also be extended 
outside the actual field of the manu- 
factured product. Where a genera) 
engineering works is under considera- 
tion, embodying as it docs pattern- 
making, foundry work, forging, plate 
work, fabrication, machining processes, 
fitting, erecting, and possibly other 
operations, it will require much more 
thought than one which will be con- 
cerned only with, say, machining and 
assembly operations. In some cases, as 
for instance in certain branches of the 
textile industry, fairly stereotyped lay- 
outs should be followed, and it is only 
when the reasons advanced are suffi- 
ciently sound that a departure should 
be made. 

Layout Generalities 

Floor Areas. The layout must, of 
course, be based on a detailed analysis 
of the manufacturing processes. In 
this connection, therefore, it is first 
necessary to determine (o) what shall 
be manufactured entirely in the fac- 
tory, (fe) what shall be purchased in 
the rough state and finished in the 
factory, and (c) what shall be pur- 
chased completely finished. 

As soon as this has been done, the 
next step to be taken should be the 
preparation of a chart on the lines of 
that illustrated in Fig. 6, showing in 
correct sequence the function of each 
department forming the factory and 
the relation of one department to 
another. Using this chart as a basis the 
next stage is to determine the floor 
area necessary for each department. 

It will not be unduly difficult to 


estimate for immediate requirements 
or even those of the near future, but 
to anticipate future developments in 
one department or another is much 
more difficult. The problem, however, 
is far too important to be left to 
chance, and it will be necessary to fix 
maximum and minimum areas, and to 
take the maximum areas into con- 
sideration in the design of the build- 
ings. If this wise step is taken, future 
extensions will be proportionately in- 
expensive. What is outstandingly 
important is the proper balancing of 
departments for economical working. 
Whenever necessary, the approximate 
area tequired for any particular pro- 
cess can be determined by appropriate 
reference to existing plant at some 
other factory of similar type. 

Ideal Layout 

Finally, a block plan of what may 
be considered to be the ideal layout for 
the factory should be prepared. In 
this respect small paper templets, cut 
to sizes which represent the ground 
floor space of the different depart- 
ments, are likely to prove most helpful 
in deciding upon the best relative 
positions. 

The type of block plan required is 
illustrated in Fig. 7. This shows a sug- 
gested floor layout for a large works, 
the nature of which makes it adaptable 
for a wide range of engineering pro- 
ducts. All the buildings can be con- 
sidered to be single-story. 

The important thing to remember 
always is that, wherever practicable, 
work should travel in one direction 
«^nly, and that departments associated 
with each other should be adjacent. 
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This correct grouping of departments 
serves a twofold purpose, the more 
obvious being that the minimum of 
handling and transport is ensured 


When such a plan has been prepared 
— and not before — investigations re- 
garding a suitable site can safely 
proceed. 



(i. Chart Showing Dkpahtmentah iiHLATioNSHii* 


within the works, thus eliminat- 
ing considerable expense ; the less 
obvious, but equally valuable, being 
that there is much closer co-opera- 
tion between the heads of associated 
departments. 


Site Questionnaire 

Whether there is only one site 
under immediate consideration, or 
whether several alternative sites are 
to be considered, it is worth while to 
draw up a questionnaire at the outset 
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and, without referring this to any other 
source, to give a considered answer to 
each question. 

Such a questionnaire will provide 
the essential information for arriving 
at a decision, or for making a com- 
parison between alternative sites. 

(1) Is the site suitable in every way f<ir 
the desired arrangement of the buildings? 

(2) What is the nature of the subsoil? 

(3) Can the external communications for 
the transport of matcT-ial be regarded as 
satisfactory ? 

(4) Can the external <;omm unications for 
the transport of personnel be regarded as 
satisfactory ? 

(6). Will its area allow foi* any reasonable 
expansion of th<‘ works? 

(6) Is gas available? If so, is the pressure 
suitable and the quantity sufficient? What 
is the price per therm? 

(7) Is water available? If so, is the 
pressure suitable and the quantity sufficient? 
What is the price per 1000 gallons? 

(8) Is electricity available? Is it D.C. or 
A.C., and what is the voltage? What is the 
price per kilowatt hour? 

(9) What is the proximity of main storm 
water and soil sewers? 

(10) Is the Hite freehold? Is it free of 
encumbrances such as rights of way? If not, 
give details. 

(11) (^an the site be regarded as one 
having appreciative value ? 

(12) What is the price of the land? Is it 
within the capacity of the undertaking 
to pay? 

(13) Is the labour suitable for the 
industry ? 

(14) What are tlio wages costs of labour in 
the district? 

(16) What is the ruling climate? 

(10) Are floods or droughts experienced in 
the locality? 

(17) What types of factory are in the 
neighbourhood ? 

(18) What are the local rates? 

(19) Is the cost of raw materials intt) the 
works likely to be satisfactory? 

(20) Is there any reason to think that the 
selling price of the flnished article will be 
adversely influenced for any exceptional 
reason ? 


These factors, classified together, are 
embodied in the accompanying chart, 
Fig. 8, and it is necessary that each 
point should be fully considered. 

General Survey 

In order to obtain a plan of the site 
the most satisfactory procedure is to 
make an accurate survey of the land 
under consideration. If, however, 
more than one ownership is involved 
this may not be possible, nor would it 
perhaps be politic in such circum- 
stances. The alternative is to obtain a 
large scale ordnance map which, of 
course, shows the contour lines. 

Among the earliest questions to 
settle will be those of the site level and 
road gradients in conjunction with an 
examination of the subsoil and founda- 
tions. It should not be overlooked that 
a site which may at first appear to be 
suitable may involve such costly 
foundations that its purchase is 
altogether prohibitive. 

The ideal foundation is unquestion- 
ably rock, but this may be so uneven 
that although excavation is a straight- 
forward proposition at one (‘nd of the 
site, it may be a quite different 
problem at the other end. There is 
also the drainage of the site and con- 
struction of pipe tunnels with which to 
contend, and these are likely to involve 
some costly excavation work. So far 
as drainage is concerned, it is most 
desirable that the site level shall be 
favourable when compared with ad- 
jacent land, more especially when it is 
necessary to connect with existing 
public sewers and drains. Although a 
good hard clay foundation is generally 
regarded as satisfactory it may prove 
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treacherous under heavy loads, par- 
ticularly if the underlying strata are 
slanting. It is also liable to crack 
badly during very dry weather, and to 
flow under the weight of dumps of 
heavy material during the winter 
months. Made-up land can never be 
recommended. Even though it may be 
of long standing there is always the 
possibility of the presence of deep 
pockets filled with rubbish. In the case 
of old works sites there may be the 
added expense of removing heavy 
foundations. 

When the proposed site is in the 
region of a river no efforts should be 
spared before purchase is effected to 
ensure that at no time has the river 
or a tributary flowed through the 
site. This is best done by searching 
the local library or museum for old 
records and maps. 

Unless there is a specific reason for 
deciding otherwise, most engineers 
will prefer a site which has a horizontal 
plane. If, however, one corner is at a 
lower level this is not necessarily a 
disadvantage. It may help to solve 
the drainage question or simplify 
shunting activities ; it may be utilized 
as a tip for exeavations or as a dump- 
ing ground for boiler ashes and other 
waste products from the factory. 

Any land not immediately required 
can be used as a sports-ground, or 
possibly let for grazing. There may be 
times when it is not possible to pur- 
chase all the land desired, and tactful 
inquiry will elicit whether it will be 
available at some later date. It is 
possible that there may be legal or 
other obstructions preventing its 
purchase. 


Titte Deeds 

The land to be purchased for a 
factory site should of course be con- 
fined to that which is freehold, but 
even so it is in every case desirable to 
search all the title deeds. Only in 
very extreme circumstances should 
leasehold land be considered. With 
such land the ground rent is usually 
very heavy and restrictions are 
numerous, the ground landlord often 
calling for a high standard of main- 
tenance. Apart from this, it may 
some day be necessary to dispose of 
the entire plant, bfiildings and site, 
and leasehold property is not so 
readily disposed of as freehold. 

Land which is subject to tithes or 
other permanent charges should be 
avoided; to say the least they are a 
fruitless source of expense. 

Rights of way are often a continual 
source of annoyance if they come 
within the precincts of a factory. 
When once they have been estab- 
lished there is little prospect of their 
being removed or closed, and even 
though it may be suggested that a 
path which is occasionally used by 
only one or two individuals should be 
diverted a few yards, there is usually 
strong local opposition forthcoming. 

Where public services, as for instance 
water mains and sewers, pass through 
the site, it is, of course, out of the 
question to build over them. Generally 
agreements have already been drawn 
up whereby the owners of the public 
services will make good any damage 
on the land due to burst pipes or 
similar occurrences. If, however, sub- 
sequent to the agreement being 
effected, any roads or tracks are 
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constructed by the factory owner ovef 
such services, the owners of the public 
service in question will not make good 
the road — ^they will only restore the 
land to the state in which it was when 
they laid their service. There is, too, the 
added inconvenience of not being able 
to use the road for lengthy periods. 

Local Oovemment Regulations 

Local by-laws, particularly in areas 
where industrial sites have not pre- 
viously been developed, are not always 
alive to modern factory building 
design. It is, therefore, particularly 
desirable that all local restrictions 
relevant to buildings, fumes, dust and 
wastes (both solid and liquid) should 
be carefully reviewed. 

Local rates are an extremely vari- 
able quantity. In some instances the 
assessment is high with a low rate in 
the pound, in others the assessment is 
low but the rate in the pound is high, 
and the net result may be much the 
same. Districts where both the assess- 
ment and the rate per pound are high 
should be avoided unless there are 
distinct advantages in other directions. 

Town versus Country Situation 

The advantages and disadvantages 
of a town or city situation compared 
with a country situation may be 
summed up briefly as follows — 

Town Situation 
Advantages Disadvantages 

Transport facilities Higher price of land, 
(convergence of Developments usual- 
ly difficult and 
Possibility of canal expensive. 

or river transport. Taxation and muni- 
Plentiful supply of cipal restrictions. 

laboi^. Higher cost of living 

educational facilities involving higher 
for children as well rate of wages, 
a® for employees. 

4--(B.354) 


Country Situation 
Advantages Disadvantages 

Land comparatively Restricted supply of 
cheap. labour. 

Wide choice of actual Housing problems. 

site. Lack of social ameni- 

Facilities for future ties restricting 

expansion. * ‘ emigration . * ’ 

Lower rates and few- Restricted ti'avelling 
er restrictions. facilities. 

There are cases of country sites 
which are suitable when acquired and 
which gradually lose their initial 
advantages (e.g. a factory is built in 
the suburb of a large town in order 
to obtain all the above advantages — 
the town is prosperous and extends, 
and the suburbs move outwards). In 
some cases the establishment of a 
branch works in another situation 
may yield a better return than an 
extension of the original factory. 

External Transport 

From the point of view of external 
transport the ideal site is one which 
has communication by railway, main 
road, river or canal, and in the case of 
some industries, the sea also. 

A railway siding is a real advantage, 
and for many industries a necessity, 
and the railway company should be 
consulted as to what prospects there 
are of having one laid and the most 
suitable position for it. Where a 
siding is considered necessary, and the 
site adjoins the main line, it should be 
assumed that the railway company 
will only be able to consider putting 
in a siding on the up or down slow 
line. Further, it is not usual to put in 
a siding on an outside curve. It should 
be understood that the initial and 
maintenance costs will require to be 
borne by the firm who uses the siding. 
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Approach roads to the site should 
be sufficiently wide and reinforced to 
deal with the firm’s road traffic and 
personnel. Sites which involve road 
traffic having to use low under- 
bridges, light over-bridges, and narrow 
roads should be avoided. Where these 
exist the pro.spcctive purchaser of a 
site may be informed of a project for 
developing the area under a town 
planning or similar scheme, thus over- 
coming these disadvantages. He must, 
however, treat such schemes with the 
greatest reserve because they have a 
bad habit of being shelved for years. 

Ill spite of the advantages which arc 
derived by many industries by direct 
access to a navigable river or canal, 
sites affording such access must always 
be accepted with some reservation. 
Whilst they are provided with one of 
the cheapest means of transport for 
coal and other commodities, they are 
usually comparatively expensive sites, 
and foundation costs are high. More- 
over, where land on the banks of a 
river or canal has been used as a dump 
for refuse, it is a freipient source of 
vermin, which will be difficult to 
eradicate when the factory is in 
operation. 

In the case of a site near the mouth 
of a river, painting costs will be high 
as a safeguard against corrosion, and 
there is the probability of dense fogs 
which render any outdoor activities 
extremely difficult, if not impossible. 

Water Supply 

Good water, and plenty of it, should 
be available at the site. In some areas, 
however, it will be necessary to install 
a water softening plant. Permission 


cannot always be obtained to take 
water from a river or canal for cooling 
purposes, but where it presents no 
difficulty the usual charge is so much 
per kilowatt generated. 

The Fisheries Board must be con- 
sidered when it is proposed to use 
river water, and in those instances 
where the water is to be returned to 
the river after process work it is 
not unlikely that the Board will 
require an efficient purification plant 
to be installed. Water companies are 
often faced with difficulties, and they 
will not be too anxious to negotiate 
if there is a likelihood of a still heavier 
demand being imposed upon their 
already overtaxed systems. 

The pressure available should be 
ascertained, and if a booster pump is 
used in the supply mains it should be 
made clear whether or not the pump 
is kept running through the night. If 
the pressure is likely to fall at night, 
it is necessary to consider the advis- 
ability of installing a parachute tank, 
otherwise there may be disastrous 
results in the event of a fire breaking 
out. 

There is, of course, always the 
alternative of considering the sinking 
of an artesian well, and the provision 
of a reservoir. Information with 
regard to other wells in the locality is 
usually obtainable and the quality 
and hardness of the water should be 
ascertained. This factor is highly 
important where chemical processes 
and breweries are concerned. 

Water Supply Regulations 

The following clauses are typical of 
those included in any agreement 
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drawn up by a water board and which 
are required to be signed by the con- 
sumer for a supply of water — 

(1) The meter and appurtenances shall be 
Rxed by the council at the expense of the 
consumer. Should the consumer discontinue 
the supply of water or the use of the meter, 
the council shall have the power to discon- 
nect the communication pipe from their 
pipes, and the expenses of such removal 
and disconnection shall be borne by the 
consumer. 

(2) The consumer shall provide immedi- 
ately inside his promises a suitable site for 
the meter, and shall provide a suitable 
chamber for its protection. The meter shall 
be so placed as to be easily accessible for 
inspection, repair or renewal. 

(3) No liability shall attach to the council 
in the event of any failure, deficiency, or lack 
or excess of pressure in the supply of water 
under tliis Agreement. The consumer shall 
provide a sufficient storage cistern or tank, 
if necessary, for the purpose of meeting his 
requirements. 

(4) All hydraulic engines or other appara- 
tus liable to cause shock or vibration to the 
meter or the 8ui)ply pipe or fittings, shall 
be provided with air-vessels of design and 
dimensions approved by the council, and 
such air-vessels shall bo maintained in 
working order to the satisfaction of the 
council, at the cost of the consumer. 

Power Services 

Electricity is invariably required in 
a modern factory and nowadays there 
is seldom any difficulty in obtaining a 
supply. If the supply company is 
privately owned, inquiries should be 
made from various sources to ascertain 
whether the service suffers from 
breakdowns. 

A good supply of town gas at a 
suitable pressure is generally advisable 
and even though gas may not be 
deemed necessary it would be unwise 
not to take it into consideration. Gas 
companies are usually most helpful, 
and if they state they can supply in 


large quantities it should be verified 
that the anticipated demands can be 
fully met. The alternative is to install 
a gas generating plant. 

The question of power services is 
more fully discussed in Chapter IV. 

Drainage 

The problem that may arise with 
the local water board may also arise 
with the local authority regarding the 
use of the sewers. These may already 
be overloaded, in which case it is 
unlikely that the drainage from an 
entire factory will be permitted to 
discharge into them. This may mean 
the installation of a sewage disposal 
plant at the expense of the factory 
owner. Sometimes, although the avail- 
able drainage system is adequate, the 
local council will not give permission 
for certain trade wastes to be run into 
the sewers, as such may cause trouble 
at the sewage farm. 

If the site is located on low-lying 
land, which of course often occurs at 
the mouth of a river, the sewage and 
storm water is disposed of by a pump- 
ing plant. Any equipment of this kind 
should provide for emergencies as, if 
it breaks down, which is quite possible 
during a particularly heavy storm, 
extensive damage may occur by the 
factory being flooded. 

Pmchasiiig Price 

The prime cost of the site is a matter 
which must be settled by the directors. 
Intelligent purchasing is most impor- 
tant, and in order to avoid enhanced 
prices it may prove desirable for one 
or two adjacent plots to be bought in 
the names of private individuals. 
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In some instances a site has been 
acquired by a firm at a moderate cost 
with a view to future extensions of its 
factory. Within a few years, however, 
the value of this land has increased 
considerably due to the rapid develop- 
ment of a borough or some similar 
cause. The firm has then profited by 
disposing of this site and buying land 
elsewhere, thus obtaining a hand- 
some surplus. 

Personnel 

The class of labour in the locality 
must be suitable for the industry. If 
not, comings and goings will be all too 
frequent, and this is extremely waste- 
ful. It can indeed be said that con- 
tinuity of service is essential for the 
successful working of any business. 
In localities where industries are 
numerous, the men are generally 
found to be more independent. Again, 
it is generally considered that good 
female labour is not so readily obtain- 
able where the heavy industries are 
known to flourish. 

If the factory is to be located in a 
suburban or rural urea there must be 
proper consideration given to housing 
and transport facilities, otherwise the 
best type of employee will not be 
induced to seek the employment 
offered. As is well known, many of 
the largest firms have themselves 
successfully undertaken the establish- 
ment of the entire housing scheme and 
the setting up of townships. It should 
be borne in mind that modern town- 
planning schemes usually stipulate 
that certain zones shall have a limited 
population. 

Almost invariably it will be worth 


while to consult the Ministry of 
Health and Ministry of Labour on a 
number of these points, and also to 
ascertain whether or not there are fre- 
quent labour troubles in the district. 

Climate 

The meteorological record of the 
prospective site is worth studying. It 
is natural for everyone to be more 
cheerful if the locality gets its fair 
share of sunshine. Extremes are not 
desirable. Hot weather is not con- 
ducive to sustained effort, whilst an 
extensive winter period involves extra 
expense in the provision of heating 
facilities. Fogs will inevitably result 
in a higher proportion of late staff and 
difficulties with transport and outdoor 
work generally, and heavy rains will 
necessitate special arrangements for 
the protection of material. 

The nature of the work carried out 
at neighbouring factories should be 
considered, because fumes may be 
emitted which are injurious to the 
product of the proposed new factory. 

Existing Factory Sites 

Although it has so far been assumed 
that a factory site is being sought in 
an area upon which no buildings have 
hitherto been erected, it is as well to 
remember that in the British Isles 
there is a pronounced tendency to 
purchase a site which already includes 
factory buildings which, with or with- 
out structural alterations, will be 
suitable for the type of industry pro- 
posed. This applies particularly to the 
smaller factories, the reason advanced 
for this policy being that the capital 
cost in laying out the factory is 
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materially reduced — ^a factor which is 
considered by many to be more 
important than the minor though 
permanent inconveniences which may 
arise by using buildings originally 
erected for other purposes. 

Even though an existing factory 
site is contemplated, the questionnaire 
given on page 18 should be answered. 
The only difference is that in this 
instance the task of solving certain 
problems will not arise, the mere faet 
of buildings having already been 
erected automatically settling a num- 
ber of preliminary points, e.g. the 


foundations necessary, or the disposal 
of sewage. On the other hand, such 
items as the local rates, or the avail- 
ability of suitable labour, still arise, 
and require most careful consideration. 
Who knows but that it may have been 
for one or more of these reasons that 
the original factory had to close down ! 

In addition to the questionnaire it is 
equally important that the block plan 
showing the ideal layout should be 
prepared and followed as far as the 
existing buildings will allow. Careful 
reference to the ideal layout will avoid 
an unsuitable site being selected. 



CHAPTER III 

LAYOUT OF FACTORIES 


The detail planning of a factory is a 
complex problem which calls for an 
intimate knowledge of the particular 
industry concerned, eombined with 
considerable administrative ability. 
Before considering the matter further, 
however, it will be advisable to 
classify industry. 

Glassiflcation of Industry 

Industry may be broadly classified 
under four major headings as follows — 

1. Type of Industry. There are two 
main divisions, one of these being 
called “continuous” and the other 
“assembly.” With “continuous” in- 
dustries the material is received at one 
point and successive operations con- 
vert it into the finished product. 
“Continuous” industries are of two 
classes, (a) the scientific, in which 
different ingredients are worked into 
the finished product, e.g. paint and 
paper, and (h) analytical, in which 
different substances are separated from 
the original material and the finished 
product left, e.g. iron smelting and oil 
refining. 

With “ assembly ” industries various 
components are made first and then 
they are put together to form a whole 
unit. These industries also fall into 
two classes, (o) similar components 
and operations, e.g. clothing and 
cabinet-making, and (b) dissimilar 
components and operations, e.g. loco- 
motives and ship-building. 


2. Type of Product. The product 
may be heavy or light, large or small, 
solid or liquid. For example, the 
building of aeroplanes and the manu- 
facture of television sets are both 
assembly industries, yet they require 
entirely different layouts; and if the 
product is a liquid and is capable of 
flowing or being pumped, the problems 
regarding the layout are necessarily 
quite different from those which arise 
when a product must be man-handled. 

8. Type of Operation. Every indus- 
try presents difficulties of its own. 
F'or instance, with powder manufacture 
there is a special fire risk to be guarded 
against ; with a chemical process there 
is the risk of the process worker being 
gassed ; with instrument making it is 
necessary for machine tools and other 
equipment to have a high degree of 
accuracy. 

4. Type of Employee. The require- 
ments of the product may involve a 
large proportion of skilled labour, e.g. 
diesel engines, or it may be largely 
semi-skilled labour, e.g. the chemical 
industries.. Alternatively, it may be 
mostly female labour which is required, 
e.g. the textile trade. 

Floor Areas 

When considering the actual lay- 
out there can be no problem in the 
initial stages more important than 
that of determining the floor space. 
For machine tools and other fixed 
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equipment the area required will be 
the total of the areas covered by each 
machine and its foundations, due 
allowance being made for the move- 
ment of the operator, the floor space 
for the completed work and work in 
progress, and gangway areas. The 
gangways should always be ample, 
allowing easy access for an electric or 
petrol motor truck, if desired. Where 
machines require little attention after 
having once been set up, some minor 
convenience may be sacrificed in order 
to save valuable floor space. In the 
case of comparatively small machines 
the distance between each machine 
may be deternnned by the distance 
required by each operator and not by 
the size of the machine. Wherever 
practicable, working gangways should 
not be used for transport, otherwise 
the machine operators will have a 
feeling of restraint when moving about 
their machines. It is surprising to 
find that even with identical products 
the amount of space which is required 
for material and work in progress 
varies considerably with different firms, 
due to differences in administration 
and systems of manufacture. Apart 
from this, there are three classes of 
work to be considered so far as space 
requirements arc concerned : (a) small 
details which may be carried in quan- 
tities in trays or boxes, {b) details 
which require separate handling but 
can be man-handled, and (c) details 
which cannot be man-handled and 
therefore require crane power. With 
the first class large quantities can 
usually be conveniently accommo- 
dated on stands or benches at the side 
of the machine. With press or similar 


work unusually large quantities will be 
involved, and provision must be made 
to avoid a serious “banking up” in 
the event of an interruption in the 
flow of work at some other point in a 
group of machines. The best plan is 
to provide island areas at suitable 
places amongst the nuichines. With 
the second class the work will cover a 
very wide range. Here, however, the 
golden rule to be applied is that “the 
shop floor is not a store,” and, taking 
into account the rate of output, pro- 
vision should only be made at the 
machine to accommodate material 
re(]uired for twenty-four hours or so. 
There are a few cxccptiojial cases as, 
for instance, in woodworking plant 
where there is a vast output and a 
large (]uantity of material in progress 
necessitating anqile storage space to 
ensure an (‘ven flow of work and trans- 
port facilities. With the third class of 
work there must be ample crane power 
and suflieient labouring staff available, 
otherwise valuable time will be lost in 
holding up expensive machines and 
plant. 

The bay formed by a shop overhead 
travelling crane often lends itself to a 
centre aisk' being formed, and the use 
of this for tem|)orary storage may be 
fully justified. At the same time 
covered floor space is co.stly, and it is 
seldom justifiable for large masses of 
work to be left in the shop at various 
stages of manufacture, 

Des^ of Buildings 

The general function of factory 
buildings is to provide cover and safe 
accommodation for employees, plant, 
machinery, and equipment, which will 
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ensure the most efficient protection 
and will conform to all the require- 
ments of the Factories Act, local by- 
laws, and insurance company regula- 
tions. The type of building to be 
erected for any particular department 
will depend on several factors — (a) the 
area available for the particular pro- 
cess, (b) the aspect and environment 
of the building site, (c) the volume and 
nature both of the materials to be used 


and of the finished product, (d) the 
manufacturing processes involved, (e) 
the type and quantity of machinery 
and equipment to be installed. 


Let us compare 
single-story with 
building. 

Single-story 
Cheaper foundations 
and walls. 

Extensive natural 
lighting. 

Facility of supervi- 
sion. 

Freedom from vibra- 
tion. 

Permits of satisfac- 
tory arrangement 
of all sections. 


and contrast the 
the multi-story 

Multi-story 
Economy of land if 
costly to purchase. 
Efficiency of heating 
and ventilation 
systems giving 
greater comfort to 
employees. 

Having in transport 
provided that a 
good lift service is 
installed. 


Generally, single-story buildings will 
find most favour, particularly with the 
heavy industries, although there are 
many cases where a factory can with 
advantage comprise both single and 
multi-story buildings. If all depart- 
ments are under one roof freedom of 
action is somewhat restricted, and it 
is impossible to isolate obnoxious fumes 
and processes, efficiency thereby being 
reduced. 


Fomidations 

The foundations must be adequate 
for whatever type of building is under 
consideration. If the ground is damp. 


the foundations may be supported on 
piles of wood or concrete. Artificial 
foundations to make up deficiencies of 
the ground in bearing power are 
usually of concrete. 

Building Construction 

The first consideration is the com- 
fort of the employee, otherwise econo- 
mic production will not be obtained. 
With that in mind the next consider- 
ation is simplicity and economy of 
design combined with strength and 
ability to withstand wear. It is 
recommended that brick or masonry, 
when used alone, should only be used 
for single-story buildings with truss 
roofs. The materials are cheap but the 
labour cost of erection is great. Con- 
crete blocks are similar to brickwork 
and masonry except for the material 
used. The blocks are often made by a 
machine on the site, “hard” blocks 
being made with cement combined 
with crushed stone, brick or gravel, 
whilst “soft” blocks are made from 
cement combined with “breeze,” i.e. 
cinders. There are many proprietary 
brands on the market. Usually the 
hollow type is cheapest and is less heat 
conducting. They are often used for 
dividing walls and small buildings. 
Reinforced concrete is frequently used 
in the modern factory building, steel 
beams taking the tensile stresses. It 
is speedy to erect, is highly fire resist- 
ing, low in maintenance costs, and 
allows of easy vertical extension, a flat 
roof being usual. The floors are carried 
by beams mounted on columns which 
are supported by the foundations. 
Built-in power cables are encased in 
impregnable insulation to prevent 
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leakage to the soil. Good materials and asbestos sheeting. The accompanying 
careful workmanship are essential. photographs, Figs. 9 to 18, clearly 

illustrate the construction of different 
Staal Itenid Conslxuclioil types of modern steel buildings. In all 

A steel frame construction has cases it should be remembered that a 
everything to commend it, in view of lofty building permits of a more 
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Fia. IJ. Extension to a Machine Shop 300 ft. Long, 50 ft. Span, 

30 FT. to Eaves, complete with Crane Runway 

its low cost and rapid erection. The crowded floor space than one with a 
vertical steel columns are connected lower roof. 

by horizontal girders and beams and Timber is suitable for small light 
are surmounted by the roof trusses, structures where there is no fire risk. 
With steel construction the walls are The cost is low and a long life results 
only required as casings and may be if the timber is well seasoned and kept 
of brick, plaster, corrugated iron, or well painted. Deal and Oregon pine 
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are best for dry situations, and oak 
and ash when exposed to the weather, 

Booflng 

There are four distinct types of roof 
used in single-story buildings, i.e. saw 
tooth or north light rt)of, span roof, 
fla^xoof, and the type of roof suitable 
for accommodating cranes. Examples 
of each are shown in the accompanying 
photographs. The first-mentioned has 
the light facing the most northerly 
aspect available and is often favoured. 
The modern truss girder permits of 
columns far enough apart to allow the 
flooring to be reasonably free from 
obstruction. Span roofs of steel con- 
struction are very good. They are 
suitable for carrying light suspended 
loads, such as pipes and transmission 
gearing. A noteworthy exception to 
steel construction is the lattice girder 
roof which has gained considerable 
popularity, I’igs. 14 and 15 show this 
particular type of roof. Briefly, its 
advantages are — 

(1) It can be constructed in any 
span desired up to 1 20 ft. 

(2) It combines light weight with 
strength and rigidity. 

(8) When covered in bituminous 
roofing it forms an extremely well- 
insulated roof which does not give 
rise to condensation troubles. 

(4) Roof lights can be embodied to 
any extent desired. 

(5) The trusses can be made to 
carry counter-shafting or other loads 
where specified. 

(6) The roof can be fabricated on 
the site to any shape of building and 
can be erected speedily. 

(7) Gutters can be formed in the 


roof materials and can be made to 
discharge in long stretches, thus mini- 
mizing the number of downpipes. 

With flat roofs, excessive strength 
to withstand snow, and a gradient of 
1 in 40 for drainage purposes are 
necessary. This type of roof cannot be 
recommended if a single-story building 
is contemplated with a width exceed- 
ing 60 ft. If, however, it is anticipated 
that such a roof may some day carry 
another floor, it should be of robust 
construction, and as in this case it 
will not be given the small gradient 
mentioned, it must be made especially 
water-tight. Tiles and slates are fre- 
quently replaced by lighter materials. 
What is essential is that all coverings 
must be durable, impermeable, and 
acid resisting. 

Multi-story Buildings 

The roof construction of a multi- 
story building may be the same as that 
of a single-story building, but with the 
extensive use of reinforced concrete a 
flat roof is generally preferred. One 
advantage is that the smaller air 
volume will tend to reduce heating 
losses. 

The practice of incorporating gal- 
leries in single-story buildings does not 
commend itself, as poor illumination, 
draughts, faulty ventilation, and noise 
are all prevalent in such cases. Lofty 
crane runways carrying large-capacity 
cranes may with advantage have lower 
runways beneath them with auxiliary 
cranes. 

In the case of multi-story buildings 
the width of building should not 
exceed the height from ceiling to floor, 
which will normally limit the width to 
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^ 10 . 15 . Completed Building at the Morris Motor Works Embodying Lattice Girder 
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60 ft. or 70 ft. If these dimensions are 
exceeded, it is impossible to get satis- 
factory natural illumination. Again, 
to ensure daylight for a ground floor, 
the distance between parallel buildings 
must not be less than the height of the 
buildings. The danger to be guarded 
against with multi-story buildings is 
the weakening which may be caused 


by the percolation of liquid softening 
the concrete or steel reinforcement, 
or corroding the structural beams. 

Flooring 

The suitability and durability of 
flooring materials depend on two 
factors : (a) the weight to be carried, 
and (fc) the “service” required having 
regard to the shop process. In some 
industries the nature of the processes 
carried on gives rise to the deteriora- 
tion of flooring from chemical causes, 
whilst in others the major problem is 
that of obtaining suitable resistance to 
wear and abrasion. In addition to 
resistance to chemical or mechanical 
attack, comfort characteristics such 
as warmth, quietness, and non-slipping 


properties are also of importance. For 
general use, say, in a machine, fitting, 
or erecting shop, there is no doubt 
that amongst the best types of floor is 
one of concrete over which is placed a 
layer of creosoted wood blocks placed 
on end. For heavy work a granolithic 
foundation comprising a mixture of 
granite chippings and cement is pre- 
ferable. To-day there are 
numerous patent floorings 
on the market. Suspended 
floors will require to be of 
fire-proof construction. 

A systematic inspection 
of the buildings and the 
prompt execution of re- 
pairs, coupled with periodic 
painting, will keep depreci- 
ation losses at a minimum. 

Where it is necessary to 
provide a boundary it may 
be considered too expen- 
sive to erect a brick or 
concrete wall. In such circumstances 
an unclimbable steel fencing of the 
type shown in Fig. 16 will provide 
an excellent substitute. 

Detailed Layout 

Assuming that the size, shape, and 
height of each building has been 
tentatively settled, the next stage is to 
consider the detailed layout of the 
proposed available space. The follow- 
ing points will need to be considered — 
1. Air Space. The number of em- 
ployees under each roof must be 
estimated to ensure that ample air 
space will be available and that it will 
not be less than the 400 cub. ft. per 
head stipulated by the Factories Act. 
Any height above 14 ft. is not to be 



Fig. 16 . Unclimbable Steel Fencing 
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included in the calculation. For a now 
building it is recommended that a 
volume of 500 cub. ft. per person be 
allowed, based on a maximum height 
of 12 ft. instead of 14 ft. 

2. Complete Balancing of Depart- 
ments. Apart from making provision 
for possible expansion, it is of the 
utmost importance that not only each 
department, but each individual oper- 
ation, shall be able to absorb the work 
from previous departments and opera- 
tions, and transmit it to subsequent 
ones in such a manner that all the 
available equipment shall be fully 
occupied. After all, it is useless for 
the fitting shop staff to be calling for 
more work if the machine shop is 
unable to keep them supplied ! 

8. Planning of Production Areas. 
As with the general planning referred 
to in the previous chapter, small paper 
templets to represent individual 
machines and fixed plant should in- 
variably be used as an aid to the 
systematic planning and layout of 
each department. 

4. Direct Line Layout. There should 
be a minimum of backward movement 
for both material and operators. In 
“assembly” industries this arrange- 
ment may require slight modification 
owing to the necessity for a machine 
having to perform operations which 
are not consecutive, either because 
there is not enough work for two 
machines, or because an operator who 
is not a machinist has to perform 
more than one operation, and it may 
be cheaper to move the material 
rather than the individual. So far as 
the latter is concerned, the ideal is to 
train men for specific operations and 


have a special area allotted to them, 
and arrange for the material, if it is 
reasonably movable, to be passed to 
them — not the men to the material. 

5. Transport. Good roads are essen- 
tial. The distance between the differ- 
ent work centres must be as short and 
direct as is convenient, more particu- 
larly if the product is heavy or 
unwieldy. Gangways must be kept 
clear, and angles between bays must 
l)ermit of ea^y curves for internal 
transport. 

6. Service Areas. Tool stores, ma- 
terial sub-stores, and the like must be 
arranc'Cfl at conveni(‘nt centres, but 
must not im]>(‘de production. 

Departmental Requirements 

In a book which attempts to cover 
the whole field of factory management 
it is not possible, evf‘n assuming it was 
feasible, to cover in detail the layout 
of every department which occurs in 
an engineering factory. It is, however, 
desirable that some general reference 
should be made to each of the more 
usual operations and departments. 

Accessories. It is recommended that 
the majority be purchased outside, 
this procedure generally being the 
more economical. 

Castings. The type of furnace de- 
cided upon will depend chiefly on the 
nature of the product. If the require- 
ments are only a few tons per week, it 
may be considered more economical 
to prepare the patterns and to pur- 
chase the castings from an outside 
source. Where large cast-iron and steel 
castings are involved, careful scrutiny 
of the drawings should be made to see 
whether it is not possible to suggest 
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a re-design and substitute a fabricated 
unit. Where this is done patterns and 
core-boxes will be dispensed with, and 
the fabricated unit will frequently be 
cheaper and stronger. For smaller 
castings every effort should be directed 
towards machine moulding. 

There will be four distinct sections 
in every foundry — 

(a) Core-making. Core ovens may 
be heated by coke, gas, or electricity. 

(b) Floor moulding. 

(c) Machine and plate moulding. 

(d) Fettling. Pneumatic chisels. 

A suggested layout for a mechanized 
non-ferrous foundry is shown in Fig. 17. 

Dir Casting. This operation has 
much in its favour but should only be 
considered when large quantities are 
involved, otherwise it is uneconomical. 

Erecting. In order to lessen fatigue 
and reduce accidents, it is desirable 
that men should work at ground level 
wherever practicable thus eliminating 
staging and trestles. Wherever it is a 
practicable proposition pits should be 
provided which will either (a) accom- 
modate the work, or {h) accommodate 
the men. Fig. 18 clearly illustrates the 
latter arrangement. 

Fibre and Rubber Paris. Fibre rod 
bushes, etc., of various diameters may 
be machined in the factory. They are 
a specialist branch of industry and, if 
the details are comparatively few, 
outside purchase is best. 

Finishing. A certain amount of 
isolation is desirable in the case of the 
paint shop, although it is intimately 
concerned with transport. Spray 
painting equipment and stencilling 
should be introduced wherever prac- 
ticable. 


Fitting and Assembling. This de- 
partment is the “consummation of 
machining” and requires the closest 
eo-operation with the machine shop. 
A saving of space is often achieved by 
“ staggering ” the benches (see Pattern- 
making). The accompanying i)hoto- 
graph, Fig. 19, shows a well-arranged 
line of fixtures for locomotive con- 
necting rods. The fixtures operate on 
ball bearings and permit easy handling 
of the rods. Similarly, Fig. 20 is a very 
good layout of an assembly shop for 
elect rie motors. In this case it will be 
noticed that provision is made for the 
operators to sit down — a particularly 
desirablt* feature^ wherever it can be 
arranged. 

Forging and Stamping. Wise buying 
of forging and “upsetting” machines 
in conjunction with oxy-acetylcnc and 
coal gas cutting machines will elimin- 
ate much costly smiths’ work carried 
out under the steam hammer. 

Hot Pressing. This operation neces- 
sitates a fairly high capital expenditure 
in the purchase of equipment, but 
assuming mass production is involved 
the working costs are particularly 
low and subsequent machining is 
practically eliminated. Success in 
this department largely depends on 
the (employment of one or more highly 
skilled and efficient die sinkers. 

Machining. In most factories the 
machine shop is the “hub of the uni- 
verse,” as it unconsciously sets the 
pace for all other departments both 
manufacturing and assembling. It 
offers the greatest scope for economical 
producticjn. According to the product 
involved a decision will require to be 
made as to whether machines of a 
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Fig 20 Assfmbi’i Shop Layout for Eipctrk Motors 



Fig 21 Machine Shop L^iot r in T^fp Factou\ 
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similar type shall bo grouped togetJier 
or whether they sliall be arranged 
regardless of type, but to bring to- 
gether a eompkde sequence of opera- 
tions which are needed for a compon- 
ent which is repeatedly being manu- 
factured, and thus ensure that articles 
progress in one direction only. Auto- 
matic machines should be grouped 
together, whilst the marking-out tables 
and tool stores should be located as 
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centrally as possible. Fig. 21 shows 
a splendid layout of a machine shop 
forming part of a tyre lactorv . 

Millwrights, If the factory is a 
larg(‘ one, a separate millw^rights’ shop, 
for the purpose of installing any new 
equijmient, as well as maintaining all 
machines, plant and services, will be 
fully justilit'd. The equipment should 
include a limited number of general 
purpose machines. 

Packing and Dispatch, These should 
be adjacent to the paint shop and 


assembly department and within easy 
access of the works’ exit. 

Patte? n-making. The pattern shop 
IS a comparatively expensive depart- 
ment, as a large proportion of costly 
hand work is involved and it is scarcely 
ever possible to jiredeterminc basic 
times or piecework prices. Where 
benches arc “staggered” in order to 
give a wider central gangway, it should 
be obser\ ed that there is a wrong way 
(A) and a right way (B) of “stagger- 
ing,” as shown in Fig. 22. Machines 
should in all eases be located at one 
end of the shop. The pattern-maker 
himself is among the most highl\ 
skill(‘d of craftsmen and in addition 
must be thorouglily conversant with 
foundry requirements. For some unac- 
countable reason the pattern-maker, 
and his close ally, the joiner, are ex- 
pected to provide their own hand tools. 

The exploitation of universal wood 
pattern-making machines is well worthy 
of consideration. Patterns should be 
of metal if the quantity of castings 
justifies it, such a pattern first being 
prepared from a wooden master pat- 
tern. Metal plate patterns should be 
adopted wherever practicable to enable 
the work to be prepared on a moulding 
machine w hich permits of semi-skilled 
labour in the foundry. 

Plate and Sheet Metal Work. A large 
proportion of this is hand work, and 
to cheapen manufacture mechanical 
aids and jigs should be introduced 
wherever practicable. The bulk of sup- 
plies comes from the raw material 
stores, and for this reason it will be 
advisable to locate this department 
and the material stores adjacent to 
each other. 
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Raw Material Store. The first con- 
sideration is that the raw material 
store should have easy access to the 
forge. Foundry supplies are usually 
kept separate. The aecompanying 
chart, Fig. 23, will give a clear inipres- 


Brasses and bronzes are known as 
“noD'ferrous” metals, and the raw 
material consists almost entirely of 
pure metals, such as copper, zinc, tin, 
lead, aluminium, and selected recovered 
scrap material. 
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sion of the alternative routes followed 
by raw materials. 

First, there are what are known as 
the “ferrous” (iron base) metals. 
These consist of iron ore, pig iron, and 
selected scrap. Iron ore is used only 
in the manufacture of steel ingots. 
Pig iron may be purchased in various 
parts of the country, each different 
brand being obtained for a specific 
purpose. 


The materials having been selected 
and weighed in the correct proportions 
to give the desired properties, which 
are also related to the chemical 
analysis, they are then placed in a 
suitable furnace and melted down. 
Reference to the chart will show that 
the products of the furnaces can be 
separated into two distinct groups — 
ingot steel and castings. In both cases 
test pieces are essential to ensure that 
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the material is in the correct struc- 
tural state and free from inclusions 
which would impair its usefulness. 

Incidentally both the forge and the 
foundry are classed as “manufactur- 



FjO 24. CROSS-HTCC'nON of Mufflk 
Furnace 


ing” departments and their products 
referred to as “rough” material. 

Annealing, Normalizing, Hardening, 
II eat-treatment. Case-harden i ng, and 
Reheating, The heat-treatment of 
steel comprises various combinations 
of heating and cooling with a view to 
producing or rendering permanent 
desired })hysical characteristics. 

Metallurgical progress has resulted 
in the production of a considerable 
range of special qualities of steel, each 
of which is especially suitable for 
individual purposes. Heat-treatment 
specilications become increasingly ex- 
acting and many of them are impos- 
sible to fulfil except in furnaces which 
are capable of working to within a few 
degrees of specified temperature and 
which arc also capable of applying 
heat uniformly throughout the charge. 
Especially is this true of alloy steels 
and steels of higher carbon content. 
It is, therefore, essential that the 
furnaces employed for the thermal 


processes should be carefully designed, 
constructed, and operated in order to 
ensure the gradual, uniform, and effi- 
cient heating of the different steels 
under controllable conditions. 

To determine the best furnace for 
any particular class of work many 
factors have to be considered, such as 
the best fuel to use, output required, 
accuracy of temperature control, free- 
dom from oxidation or decarburization, 
and whether the furnace is required 
for intermittent or continuous work. 

The terms “oven” and “muffle” 
are sometimes used indiscriminately, 
and to avoid confusion diagrammatic 
sections are shown to illustrate the 
difference. 

Fig. 24 shows a cross-section of a 
muffle furnace in which the work is 
completely protected from the pro- 
ducts of combustion. Such furnaces 
are largely used for ceramic* work and 
for the heat-treatment of metals where 



Fig. 26. Simplest Form op Oven 
Furnace 


the introduction of a controlled at- 
mosphere is essential to protect the 
work. Fireclay muffles are in common 
use but carborundum and heat-resist- 
ing alloys are also used. Fig. 25 shows 
the simplest type of oven furnace 
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where the products of combustion 
pass through the working chambers. 
These are sometimes referred to as 
semi-muffle furnaces when high guard 
tiles are provided at the sides to 
protect the work from the direct heat 
of the flame. Oven furnaces arc mostly 
employed on carburizing, annealing ol 


Tool Shop. There is everything to 
be said in favour of a separate shop. 
It eliminates any suggestion that one 
shop or another reeeues preferential 
treatment. Fig. 27 shows a row of 
tool room lathes, and Fig. 28 shows 
another Mew with relieving lathes in 
the foregiound. 
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steel and other metals, and general 
heat-treatment Electric furnaces have 
an extensive application and Fig 26 
gives a good impression of the layout 
required for a battery of such furnaces 
Receiving Department. It is neces- 
sary that this should have direct 
communication with the outside road, 
preferably other than the main works’ 
entrance, and also with the raw 
material store. 


\\ tiding The general policy of 
isolating each opeiator in a cubicle, 
whcuvci practicable, will commend 
itself to most (iigincers Such an 
arrangement minimizes ae*cidents. 

Gtneral Offices. The administrative 
and general oflices should be locateel 
nearest to the mam works’ entrance. 
Where more than one floor is decided 
upon, the ground floor should in- 
clude the inquiry office, the personnel 
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department, and all other offices 
directly associated with the works. The 
different sections of staff which come 
under the jurisdiction of the pro- 
duction manager or equivalent officer 
should preferably be located in one 
large ground floor office. 

Office work requires to be organized 
on progressive lines in much the same 
way as is done in the workshops. This 
is essential if unnecessary handling of 
paper is to be eliminated. In large 
offices the amount of time spent 
sorting and handling paper is generally 
tremendous, but this can be reasonably 
reduced by using modern types of 
accounting machinery. Where prac- 
ticable the offices should be laid out 
so that the documents are received 
from the works at one end of the 
building and worked through to the 
accountants’ offices where' they are 
dealt with finally. It is a good plan 
to have the wages documents received 
at one end of the building and the 
material documents at the other, so 
that the two do not get mixed. A 
centrally situated machine bureau is 
obviously an advantage in this case, 
as the documents will move forward 
in sequence to the costs or accounts 
office and in their course will pass 
through the machine room. Much time 
can be saved by a properly laid out 
office, just as production is expedited 
by the borrect outlay of machinery and 
plant in the works. Fig. 74, Chapter VI, 
shows a particularly good office layout. 

Office Layout 

So far we have only been able to 
speak in general terms of the layout 
required for those departments which 


deal with the more common classes of 
work ; unfortunately specialized re- 
quirements cannot even be- mentioned. 
But when it comes to the layout of 
offices much more detailed information 
is possible because of their general 
application to every industry. 

In the first place it is important that 
associated sections should be located 
as near as {mssible to each other, and 
that those having contact with the 
public should be located on the ground 
floor whenevei pra(*ticable. The floor 
area should never be greater than is 
commensurate with the number of 
occupants, the construction of larger 
officer entailing unnecessary expense 
initially, as well as subsequently for 
their upkeep. Cubicles with a floor 
space of 100 sq. ft. arc recommended 
in ])rcfcrcnce to private offices, the 
partitions facing general offices being 
fitted with clear glass from a height 
of S ft. upwards. External and in- 
ternal angles should be rounded, and 
all junctions should have cove to 
eliminate surfaces where dust can 
lodge, (ienerally speaking doors should 
open into the room, this arrangement 
minimizing draughts. Window space 
should be as generous as possible, 
particularly in the case of drawing 
offices. Window-sills should be placed 
between 30 in. and 3C in. from the 
floor. Where separate typewriting 
and other machine bureaux are pro- 
vided, reduction in the noise can be 
obtained by spraying asbestos or 
similar material on the walls. 

Office Fumiture 

The name of every office should be 
shown on an indicator board. Single 
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desks should be provided (except to 
facilitate sectional work), a satisfactory 
size being 4 ft. 6 in. X 2 ft. 6 in. X 
2 ft. 6 in. high. The right-hand pedes- 
tal should have three drawers, the top 
one having a lock. The left-hand 
pedestal should take the form of a 


for general use should have adjustable 
seats upholstered in moquette and 
measuring 14 in. from back to front. 
For typists the backs should be well 
padded and measure 12 in. in width. 
Domes of silence should be fitted to 
all chairs. A standard type of steel 



cupboard with one shelf. For typists 
a steel table 4 ft. X 2 ft. X 2 ft. 3 in. 
high with closed sides and back is 
greatly favoured. One pedestal of 
three drawers arranged vertically on 
the left-hand side is sufficient in this 
case. All desks should be at right 
angles to the windows and the latter 
should preferably be to the left of the 
staff when seated, as in Fig. 29. Chairs 


cupboard with adjustable shelves is 
strongly recommended. These should 
approximate to 7 ft. X 3 ft. and vary 
in depth from 10 in. to 15 in. according 
to requirements. 

Fire-fighting Equipment 

It will be appropriate to conclude 
this chapter with the arrangements 
necessary to combat an outbreak of fire. 
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It need hardly be stressed that fire 
hazards in industrial organizations con- 
stitute a very important and destructive 
menace to plant, property, and stores, 
as well as to human lives, and every 
conceivable fire risk on the premises 
should be efficiently covered by the 
right type of fire-fighting equipment. 

Light fire pumps or trailer-type fire 
engines, as well as power-driven fire 
pumps, may be considered to be 
among the most valuable forms of 
major fire equipment for large indus- 
trial premises. To be successful in fire 
fighting it must be distinctly under- 
stood that it is no use trying to work 
at a distance. Fire is extinguished 
either by exclusion of air or by lowering 
the temperature below that of ignition. 
With the former method the object is 
attained by smothering the burning 
substance or, in some cases, beating 
out the flames ; with the latter, 
generally by the application of water. 
Working at a distance should only be 
done when the heat or danger of 
falling walls, roofs or flocu's prevents 
the firemen getting closer. 

Fire fighting in its general sense 
cannot be applied to specialized in- 
dustries where highly inflammable 
liquids and substances are manufac- 
tured or stored. Whilst water is the 
best known and most extensively used 
fire extinguishing agent, it is only 
suitable for a})plication to freely 
burning materials sueh as wood, cloth, 
paper and similar substances. Its use 
is extremely dangerous on outbreaks 
involving materials of a highly in- 
flammable nature, such as calcium 
carbide, metallic sodium, metallic pot- 
assium, and metallic calcium. Sand 


and earth are extremely valuable 
mediums for extinguishing oil or spirit 
fires and, if necessary, for forming a 
bank to prevent flow. It is, therefore, 
essential that the officer responsible 
for fire safety should be fully ac- 
quainted with the various methods of 
fire extinction. 

Works Fire Brigade 

In every factory a works fire brigade 
should function. It should be under 
the command of a captain who mu^t 
satisfy himself that the appliances arc 
distributed in the most advantageous 
positions throughout each building, 
and that they are maintained in good 
working condition. It is necessary 
that a diagram should be prepared 
indicating the position of all hydrants, 
stop valves, drain cocks, hose boxes, 
fire buckets and lire extinguishers, 
this diagram being exhibited in a 
prominent place. The fire brigade 
captain should also be responsible for 
the training of selected employees in 
the use of each tyjie of appliance. 
Periodical lire drills, say once every 
calendar month, should b(‘ organized 
to keep the brigade in practice and to 
ensure that the entire personnel of the 
organization understand their move- 
ments in the event of an outbreak of 
fire. As far as jiossible all drills should 
be carried out during ordinary working 
hours. These rehearsals also ensure 
that the various appliances can be 
depended upon in an emergency. The 
captain of the brigade should keep 
a fire occurrence book, recording 
therein all changes of staff, dates of 
drills, dates and particulars of fires, 
appliances received or sent away for 
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repairs, etc., and all other relevant 
matters. Electric alarms are prefer- 
able to any other type, and in all cases 
should be tested frequently at stated 
times, and the tests recorded. 


Fire Precautions 

The following tabulated information 
shows some causes of outbreak of fire 
and the precautions recommended to 
minimize such outbreaks — 


('ausb 

Direct ij^nition witli 
flaming or glowiiig 
material, some- 
timeH causing 
explo8i(»ri. 


Prolonged heat, even 
though faint. 


Spontaneous coinbus 
tion. 


Electrical causes, 
(’hemical reaction. 


Focused rays of the 
sun. 


Friction. 


Example 

Spark coming into con- 
tact with inflammable 
material, petrol vapour 
and gases in confined 
places. 


Stove pipe near to or 
resting upon unpro- 
tected woodwork. 


Damp hay, straw, man- 
ure, etc., also cleaning 
cloths and waste left 
for comparatively 
long periods. 

Short circuits, flashes of 
lightning, etc. 

Lime and water, acids in 
contact with other 
material through leak- 
ing vessels, etc. 

Sun’s rays pouring 
through unprotected 
roof lights, etc., or 
reflected from bottles, 
pi(‘c<*s of glass, etc. 

Shafting allowed to run 
hot. 


Precautions 

Naked lights, flames, and burners used 
in manufacturing processes should be 
suitably shielded. Smoking and the use 
of matches in the vicinity of freely burn- 
ing matc^rials or highly inflammable 
liquids, gases, and substances should 
be strictly forbidden. 

Constructional defects sliould be reme- 
died particularly in boilers, fires, and 
flues, where it may be possible for 
heat or sparks to come into contact 
with woodwork. 

The immediate disposal of oily rags, 
paper, rubbish, and waste should be 
ensured. If temporary storage is n(*ces- 
sary only metal containers should be 
used. 

All electrical apparatus, fittings, switches, 
and loads should be insulated efticiently. 

Peru)dical inspection should be made of 
])lant . 


Hoofs to bo darkened and windows 
shaded as considered necessary during 
Uh* summer period. 


All mechanical apparatus should be regu- 
larly inspected and lubricated where 
overheating may take place. 



CHAPTER IV 


POWER SUPPLIES 


Whatever the form of ])owcr suf>ply 
it must be adequate for the maximum 
demand including losses in trans- 
mission. The loading may be fairly 
constant as in the case of a machine 
shop, or it may be fluctuating as 
occurs with rolling mills. In both 
instances it must be obtained in the 
most economical manner. 

Much of the detail work associated 
with pf)wer supplies is an engineering 
rather than a management problem. 
It is mainly electrical, but it includes 
gas, hydraulic, and compressed air 
services, and may also include auxiliary 
services. 

Electric Power 

The use of electric power should be 
regarded as an essential feature of 
modern faetcjries, irrespective of the 
class of goods produced or the locality 
in which th(‘ works are situated. 

The relative merits of public author- 
ity and private enterprise are very 
controversial. Normally, if a central 
power station is available, it will not 
be a paying proposition to put down 
an isolated plant of less than 500 h.p., 
unless all the exhaust steam from 
heating and process work can be 
utilized. Electricity from ])ublic sup- 
ply, however, provides the most con- 
venient power service, and when such 
a supply is available at a reasonable 
price, it may be assumed that it is the 
best source for either a large or small 


works. Even under unusual condi- 
tions, as, for example, a uniform and 
continuous demand, it will generally 
be found that a public supply is the 
best, as special terms may be obtain- 
able. Neverthek ss it is not wise to 
enter into a contract for public supply 
without making a careful study of the 
several scales usually available and 
the conditions applicable to each. An 
attractive scale is one which embodies 
a maximum (kanand and a minimum 
guaranteed rate of consumption, yet 
if business is estimat(‘d on too opti- 
mistic lines electricity charges may 
prove costly. 

If a private generating station is 
decided upon, consideration will re- 
quire to be given to the prime mover. 
This may be eith(‘r (a) steam, (b) 
hydraulic, or (c) internal combustion. 
In each case the cost of power will 
include — 

(1) Fuel. 

(2) Water. 

(3) Attendance*. 

(t) Supplies (oil, etc.). 

(5) Interest on capital cost. 

(G) Depreciation allowance. 

(7) Maintenance. 

The combination of a central station 
and a private plant may be ad- 
visable in certain instances. Such 
an arrangement offers two distinct 
alternatives. 

(1) Average load obtained from 
central station and peak load generated 


49 



50 


WOKXS OJidANIZATJON AND MANAGEMENT 


in own plant. This will give a high 
load factor and lower rates per unit 
from outside. 

(2) Average load from own plant 
and peak loads and breakdowns, etc., 
from central plant. This gives a low 
load factor with higher rates per unit 
from outside though the total cost 
may be less. 

Advantages of Electric Driving 

Irrespective of whether the current 
is generated on the premises or is 
purchased from an outside source, the 
electric motor is undoubtedly the best 
driving power. Its advantages may be 
summed up as follows — 

(1) It can be applied to individual 
machines without the use of overhead 
shafting and belts. 

(2) As th(* power is not transmitted 
mechanically from a centralized point, 
losses are minimized and there is little 
wear arul tear. 

(3) Machines can be started and 
stopped with the aid of press buttons 
located in convcTuent positions. 

(4) Motors of suitable types give 
the requisite speed variation. 

(5) Power supjdied to any {)articidar 
machine or group of machines or 
department may readily be measured 
by met(TS connected in the circuits, 
and the effect of changes in processes 
can therefore be determined. 

(6) By reason of their simple and 
robust construction electric motors 
cost very little to maintain. 

(7) The drive is free from irregular- 
ities. 

(8) Foundations, where required, 
are light and inexpensive. 

(9) If it is necessary to change a 


motor it is generally a simple and 
straightforward job. 

Central Power Stations 

The improvement in the production 
of electricity is worth noting. A 
quarter of a century ago the amount of 
coal per unit generated was seldom 
below 3 lb. and to-day it is in the 
region of 1*25 lb. per unit generated. 
Power stations have attained to a 
thermal efficiency of 30 per cent, and 
the cost of production has gone down 
from 0*93d. to 0*1 d. per unit. The 
records of production by authorized 
undertakings in Great Britain show 
that during the same period the total 
units generated annually have risen 
from 1500 million to 16,000 million. 
The plant installed represented about 

1.000. 000 kW., and to-day is over 

8.000. 000 kW. 

The policy of the FJectricity Com- 
missioners in having encouraged the 
concentration of generation in fewer 
stations has justified the provision of 
much larger units, both of boiler plant 
and of lurbo-alternator plant. Further, 
economy in production has been se- 
cured by operating power stations in 
groups, using two or three stations for 
supplying the base loads at high-load 
factors, while the remaining stations 
supply only the peak loads. Many 
stations consume more than 1000 tons 
of coal per day, and this warrants the 
installation of modern equipment with 
higher steam pressures and tempera- 
tures, thus effecting a large saving in 
the daily coal bill and fully justi- 
fying the capital expenditure. The 
tendency in this country has been to 
use temperatures up to 850® F., to 




Fi(. 30 Tukhine axd FoNorNsi-ii Koom in Ci?niral Poujr Station 



Fio 31 Boiler Hofse of Central Power Station showing Chain Orate Stokers 
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limit steam pressures to 600 lb., and 
to avoid reheating. 

The design of a modern power 
station, illustrations of which are given 
in Figs. 80 and 81, involves many 
difficult questions. The expenditure 
on boilers and the turbo-alternators at 
one time amounted to about 60 per 
cent of the total cost of the plant 
installed, whereas to-day the boilers 
and the turbo-alternators cost some 
85 per e(‘nt of the total expenditure on 
plant, the balance being absorbed in 
switchgear, auxiliary plant for the 
supply of coal, water, and removal of 
ashes, etc. One feature is the operation 
of the boilers according to instruments 
which are located on control boards. 
Each boiler is provided with controlled 
superheaters to maintain the temper- 
ature of steam within 5 per cent under 
varying conditions of load. The over- 
all efficiency of a modern boiler house 
is in the region of 90 per cent. The 
daily combustion of large quantities of 
coal raises the question of a possible 
nuisance to the public by the pollution 
of the atmosphere. Until a few years 
ago there was a tendency to use short 
chimneys with forced and induced- 
draught fans which, in some cases, 
created difliculties with soot and grit. 
It has since been proved that the 
emission of noxious materials can be 
prevented by practicable means, such 
as the use of high chimneys, the 
addition of plant for washing the flue 
gases, as well as by electrostatic 
methods of precipitation. 

Makers of modern turbines are able 
to design plants consuming less than 
10,000 B.Th.U. per kilowatt-hour, in- 
cluding bleeding for feed-water heating. 


The normal amount of steam bled with 
a 60,000 kW. turbine for feed heating 
and evaporating is about 25 per cent. 

Electrical Equipment 

Nowadays the 50-cycle alternator 
driven by a steam turbine at 1500 
r.p.m. or 8000 r.p.m. is wStandard. 
Excluding water power, and the some- 
what limited field of the diesel engine, 
there is no serious rival to-day to the 
steam turbine as a prime mover. 

Power station alternators are gener- 
ally wound for 11,000 volts, although 
some are built to generate at higher 
voltages, such as 22,000 volts. The 
increase of the transmission pressures 
to 66,000 volts and higher does, how- 
ever, partly cancel the advantage these 
machines have in saving transforma- 
tion losses. The power station gener- 
ating equipment which has been 
developed during recent years is the 
turbo-alternator directly connected to 
its step-up transformer, the whole 
operating and being controlled as one 
unit. Transformers have made an 
equal advance in size to prime movers, 
arid single units of about 90,000 kVA., 
constructed by British firms, provide 
the largest transformers in the world. 

The Grid may be regarded as the 
outstanding-monument of British elec- 
trical engineering and far-sighted 
national economic planning, and it has 
had a wide and beneficial effect upon 
the production of British electrical 
equipment. It is admitted by everyone 
that the quality of its transmission 
lines, transformers, and switchgear, its 
metering equipments and communica- 
tion and control gear, is unsurpassed 
anywhere in the world. 
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Though direct current generation 
has declined, the use of direct current 
itself is still necessary, chiefly for 
traction, as this system is standard for 
all electric traction in this country. 

Switchgear 

Physical efficiency is not of great 
importance. The function of electrical 
switchgear is to provide facilities for 
holding the connections of lines and 
apparatus; the smaller the number of 
changes required the simpler can be 
the switchgear. The layout should be 
such that additions can be made 
without the disturbance of the original 
arrangements. 

Distribution Systems 

Whilst the cost of distribution is of 
ever-increasing importance, thti cost of 
generation is much less than it used 
to be. The cost of distribution falls 
into two classes : (1) fixed charges, and 
(2) running costs. The former is 
dejiendent on capital cost, interest on 
capital cost, and depreciation allow- 
ance ; the latter on repairs and general 
maintenance. 

There are two classes of transmis- 
sion, i.e. overhead and underground. 
There are no sharply defined reasons 
for the adoption of one or the other. 
If an overhead system is decided upoii, 
it requires the sanction of the Ministry 
of Transport as well as of the local 
authority. Although overhead lines 
are more liable to interruption due to 
weather conditions, they may, owing 
to location, be the only method com- 
mercially practicable. Where an un- 
derground system is adopted it would 
appear that the cheapest method of 

6— (B.354) 


laying cables is to bury armoured 
cables directly in the earth. As an 
alternative, duels may be laid through 
which the cables can subsequently be 
drawn. 

Distribution voltages have been 
determined by lamp voltages, 10 per 
cent having been frequently added for 
voltage drop in the mains. 

Standard System of Distribution 

The British Standard is a three- 
phase four-wire system at a frequency 
of 50 cycles per second, 400 volts 
between phases, and 230 volts between 
each })liase and the neutral. 

Substations for continuous current 
(or dire(*t current) systems are 
equipped with rotary converters or 
rectiliers. 

A common feature of industrial loads 
is poor load and power factors. 

Load Factor 

h.p. actually imed 

The load factor , — r~ . . 

li.p. ot Hii])ply equipment. 

It should be as high as possible so that 
less surplus equipment will be required 
to deal with customers’ peak loads and 
thus actual charges will be propor- 
tionately less. A sliding scale of charges 
is usual, the charges decreasing with 
an increased current consumption. 
Included in such charges will be a 
proportion of the cost of the distribu- 
tion system. 

Power Factor 

The power factor of a load has a 
great effect on a consumer’s electricity 
bill, and where the power factor is 
low, a very considerable saving may be 
effected by raising its value. In Fig. 
32, Curve A illustrates the way in 
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which the voltage of an alternating 
current supply varies during one 
complete cycle. Assuming the supply 
has a frequency of 50 cycles per 
second, then the voltage will pass 
through one complete cycle of varia- 
tions in f>r) sec. This voltage, or elec- 
trical pressure, forces a current of 
electricity through the motor or what- 



Fig. 32. Curves showing Power Factor 
OF Vat.tte 1 


ever apparatus is connected to the 
supply. Where the curve is below the 
zero line, the voltage is considered as 
negative, the voltage being reversed 
and tending to send the current 
through the circuit in the opposite 
direction. Since the force which is 
driving the current is varying, the 
current will vary and will go through 
a cycle of changes similar to that of 
the voltage in Fig. 32, Curve JB. 

An important faet is that whether 
or not the current reaches its maxi- 
mum value at the same instant as the 
voltage reaches its maximum value 
depends upon the power factor of the 
motor, or whatever load is connected 


to the supply. If the power factor is 
unity, the current will reach its 
maximum at the same instant as the 
voltage, but if the power factor is less 
than unity the current will reach its 
maximum at some instant before or 
after the voltage, according to whether 
the power factor is leading or lagging. 
Fig. 33 represents the conditions for a 



Fig. 33. C’urves showing 0 5 Lagging 
Power Factor 

0*5 lagging power factor. The phase 
displacement (i.e. the leading or lag- 
ging) of the current has a most 
important effect on the power, which 
latter is obtained at any given instant 
during the cycle by multiplying to- 
gether the instantaneous values of the 
voltage (v) and the current (i). Thus — 

Power in watts ~ r X i. 

Positive power is power which is being 
supplied to the motor from the mains, 
while negative power is that which is 
fed back by the motor to the mains. 
Thus when the power factor is unity, 
there is no feeding back of power, and 
this is the ideal condition. The lower 
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the power factor, the greater is the 
proportion of the power which is fed 
back to the mains. 

The power received by a motor 
(positive power) is often called the 
apparent power and that which is 
actually used (positive less the nega- 
tive) is called the true power. 


Power factor = 


True power 
Apparent power 


Thus if a load receives 100 and feeds 
back 25, then — 


I\)wer factor ^ 


100 - 25 
100 


0-76. 


The above relationship can be ex- 
pressed in another form — 

True power 

— Apparent power x Power faetor. 

Therefore power factor may be defined 
as the factor by which the apparent 
power must be multiplied to obtain 
the true power. 


on the location of the plant. If on a 
main line railway or principal water- 
way, the reserve stock may be com- 
paratively small, but if dependent on 
transport arrangements which are 
liable to interruption, particularly 
during the winter, larger stocks must 
be carried. In such cases interest on 
the outlay and cost of storage is a 
proper charge on power. 

If a large supply of steam for 
heating and process work is required, 
the use of exhuust steam is generally 
best, the cost involved being confined 
to the interest on the power plant, 
maintenance, repairs, and attendance. 
In some cases, however, it will be 
cheaper to generate steam direct, and 
obtain electric power from the central 
station. Alternatively, condensing 
power units may be installed and 
heating, etc., effected by live steam or 
by “bleeding” from power units. 


Reliability of Service 

This is mainly a matter of the 
relative location of the central station 
and factory, and the system of dis- 
tribution. Maintenance and repairs 
should be of the same standard 
whether it is a private or a central 
plant. There should always be a 
reserve against breakdown, and for 
this purpose the installation of a diesel 
plant is frequently favoured. A 
central station has a large reserve 
except at high peak loads, and indus- 
trial loads come mainly between peaks. 
Only a boiler explosion wrecking the 
entire plant could put a central station 
out of commission, and modern boilers 
are not susceptible. 

Fuel storage and service is dependent 


Power Distribution in Plant 

The single motor main drive has a 
low first cost, otherwise it is a poor 
seheme and is a relic of the days of the 
steam-driven factory. It involves a 
main shaft, jack shafts and counter- 
shafting, belting and pulleys, and all 
these are power absorbing and com- 
paratively heavy on maintenance. 

Group Driving. This involves a 
separate motor to each line shaft. 
The latter may be in sections, i.e. 
groups of machines, each group having 
a separate motor. It involves a greater 
initial cost but gives increased flex- 
ibility, permitting sections of the shop 
to shut down. Furthermore, there is a 
better arrangement of machines, less 
shaft function, motors are better 
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proportioned to average load, and 
there is a higher load factor and 
efficiency. 

Individual Drive, In this case a 
separate motor is required to each 
machine, the drive being effected 
through gears, silent chains, or a belt. 
The system gives maximum flexi- 
bility, but it involves a high initial 



Fl«. .*M. (VlRllKt’l AhKANOEMENT Ff)l< 

Hklt Diuvf 



cost and increased motor h.p., each 
motor being capa})le of taking the 
maximum load of the machine. (In 
group driving some “averaging” is 
possible.) 

Combination Drive, Machines re- 
quiring relatively constant power, e.g. 
automatic machines and turret lathes, 
may be arranged in groups, whereas 
those requiring carrying power, e.g. 
punch presses and heavy planers, may 
be equipped with individual motors. 

It should be noted that whenever 
belting is used as the driving medium 
it should be arranged to drive as shown 
in Fig. 34, with the slack side of the 
belt on the top, and not as in Fig. 35, 
where the slack side of the belt is on 


the bottom. The reason for this is 
that the power transmitted depends 
on the arc of contact, and, as can be 
seen, this is much greater in the former 
ease than in the second. 

Hydro-electric Power 

The British Isles arc not among the 
most favoured parts of the world in 
respect of water power, and the 
abundance of coal has led to the neg- 
lect of what resources there are. De- 
v^elopment has, however, proceeded on 
a modest scale and the present figure 
of about 500,000 h.p. is approximately 
ten times greater than it was some 
twenty-five years ago. 

Pneumatic Power 

Compressed air is widely used in 
most engineering factories and it is 
important that ellieient plant should 
be installed to ensure an adequate 
supply at the desired pressure when- 
ever required. It should be remem- 
bered that heat is generated during 
the compression of air, thus increasing 
the vedurne of the air. Accordingly, 
if air is compressed without removing 
any of the heat generated, greater 
power will be required to drive out the 
compressed air. If compression is 
carried out whilst the air retains all 
the heat due to compression, the 
operation is known as “adiabatic 
compression.” If, however, compres- 
sion of the air is carried out without 
any rise in temperature, the operation 
is known as “isothermal compres- 
sion.” This latter is the ideal arrange- 
ment, but in actual practice cannot be 
achieved. The manufacturer of com- 
pressed air plant applies various 
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methods by which he withholds the 
bulk of the heat as it is generated. 

Air compressors are designed for 
single-stage, two-stage, and three- 
stage working (Fig. 30), stresses being 
very considerably reduced if the t\io 


ground so that they may be inspected 
without any difliculty. A daily inspec- 
tion should be arranged for all air 
pipes, air valv es, and other equipment 
m the shops to ensure that leaks may 
be dealt with promptly. The effect 
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latter are used where pressures of 
100 lb. per square ineh and higher are 
required. A large-capaeity reservoir 
is a good investment and should 
always be included in the plant. 

Air installations have a decided 
tendency to grow and it is advisable 
to install a large-diameter pipe in the 
first instance. Wherever possible, air 
pipes should be placed above the 


of a leak will be realized when it is 
stated that air at a pressure of 100 lb. 
per square inch leaking through a hole 
of I m. diameter will pass 25 cub. ft. 
of free air per minute and this corre- 
sponds approximately to 5 h.p. 

Hydraulic Power 

Many industries require hydraulic 
power for press work, cranes, elevators, 
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capstans, riveting machines, and sim- 
ilar work. The normal pressure at 
which water is delivered from the 
supply mains is, of course, totally 



Fia. 37. Vertical. Six-plunger 
Hydraulic Pressure Pitmp, 
Motor Driven 
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Fig. 38. Vertical Eight-plunger 
Hydraulic Pressure Pump, 
Motor Driven 


Where the load is continually fluctu- 
ating hydraulic accumulators should 
be installed to ensure a reserve of 
power. In this instance a continuous 
delivery pump forces up the accumu- 
lator ram and to the latter is attached 
a dead load, often consisting of scrap 
metal. 

Pascal’s Law states that the pres- 
sure per square inch in the accumu- 
lator is equal to the pressure per 
square inch in the hydraulic press. 
Therefore — 

Total pressure on press 
Total load on accumulator 
Area of press 
~~ Area of accumulator 


Assuming the accumulator is loaded 
with 50 tons of scrap and has a ram 
of 8 in. diameter, and that the hydrau- 
lic press has a ram of 16 in. diameter, 
the pressure on the ram of the press 
will be — 


P 

50 tons 

Therefore P ~ 


X 102 


4 ^ 


82 


10 * 

" 8 * 


50 X 10 X 16 
8 x" 8 


■ 200 tons. 


The hydraulic accumulator is a 
simple means of obtaining the power 
desired and such plant requires little 
attention. , 


inade(piatc, and to obtain the requi- 
site power it is customary for one or 
more hydraulic pressure pumps, ac- 
cording to requirements, to be in- 
stalled. The types shown in Figs. 37 
and 88 are probably the most widely 
used, but there are instances where it 
is preferable to use single units for 
individual presses. 


Gas Power 

Apart from municipalities and urban 
districts where towns’ gas works have 
a steady market for the disposal of 
their principal product, namely gas, 
the installation of plant of this nature 
is not generally undertaken. Towns’ 
gas plants utilize bituminous fuel, and 
the production and storage of gas 
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having high calorific value and having 
the impurities eliminated results in 
high capital cost. Storage in the 
familiar type of gasholder, which rises 
from a tank built of steel, cast iron, 
brick or concrete, is essential in con- 
nection with towns’ gas generation. 

For the running of isolated engines 
or the firing of furnaces, self-contained 
fuel gas plants are obtainable. These 
can be fed with anthracite, coke, wood 
or refuse which is sometimes a waste 
product of the factory, and units up 
to 500 b.h.p. capacity are obtainable. 
At the present time there is a tendency 
for the application of such producers 
to increase, and semi-portable units 
for various types of small heat- treat- 
ment furnaces where close tempera- 
ture regulation is required are widely 
adopted. All these gas producers 
(other than towns’ gas plants) work 
directly, without any storage unit 
between producer and using unit. 

Where gas is used on a large scale 
for motive power and manufacturing 
processes, it will generally be supplied 
on more favourable terms than when it 
is required merely for heating and 
lighting purposes. 

The quantity of gas used is measured 
in therms, one therm being equal to 
100,000 British Thermal Units. To 
ascertain the number of therms used, 
the number of cubic feet registered by 
the meter should be multiplied by the 
declared calorific value (e.g. 500 

B.Th.U.s) and divided by 100,000. 
For example — 

10,000 cub. ft. X500 = 5,000,000 

which divided by 100,000 = 50 therms. 

It is noteworthy that the gas 
referees prescribe that the results of 


the tests made by each officially 
appointed gas examiner shall be made 
available to the public in the following 
manner : A copy of his report for the 
preceding quarter, as forwarded to the 
local authority by whom he is ap- 
pointed, shall be exhibited by the 
undertakers in each of their gas offices 
and showrooms and shall be forwarded 
to any consumer at his request. 

Oxygen Supply 

The distril)ution of this gas through- 
out a manufacturing establishment 
has for many years been limited to the 
method of transporting cylinders con- 
taining the gas at high pressure to the 
individual operators. Where, however, 
the gas is frequently or continuously 
required at one location it may be 
found profitable to install a piped 
service, the pressure at which such 
service shall be charged depending 
upon the class of work being per- 
formed, e.g. lead burning, welding, 
heavy cutting, etc. The pipe line may 
be fed from a single cylinder, a battery 
of cylinders, an oxygen producing 
plant, or from an evaporator which is 
charged with liquid oxygen by a 
contracting company. 

Acetylene Gas Supply 

The system whereby this gas is 
distributed in the factory depends in 
the first instance upon the type of 
distribution necessary to suit the 
working conditions, i.e. low pressure 
or high pressure. With the former, 
generation from calcium carbide is 
carried out on the factory premises 
either at a central position or in 
portable generators placed close to 
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the work requiring gas. From the 
fixed generator, distribution may be 
at a pressure up to approximately 
15 in. water gauge through a piped 
service to all normal demand positions, 
but by boosting it may be increased 
to a somewhat higher pressure under 
approved conditions. 

By the high pressure method acety- 
lene gas is supplied to the using point 
either compressed in cylinders of con- 
venient size from which the operator 
takes his supply direct, or by the 
provision of a piped service which is 
charged from one or a group of acety- 
lene cylinders. A somewhat purer 
gas, which is essential for certain 
types of welding, is furnished by 
this method. 

Painting of Pipes and Conduits 

It is strongly recommended that all 
the piping, conduits, ducts, and cables 
throughout the factory should be 
painted in accordance with the B.S.S. 
This system enables inspection to be 


carried out more readily and makes 
mistakes less likely. 

The complete list is given below for 
convenience — 

Type of 
Service 
Air 

Drainage 
Electricity . 

Gas 
Oil 

Refrigeration 
Steam . 

Water . 

Maintenance 

The necessity for the systematic 
maintenance of all power equipment 
cannot be over-estimated. Boiler 
scale, valve leakages, slack bearings, 
loose belts, worn gearing, etc., are all 
to be avoided, and this involves 
routine inspection. It should be 
remembered that preventive repairs 
are always less expensive than break- 
down repairs, more especially if the 
latter must be effected outside ordinary 
working hours. 


Standard 
Colour 
. White 
. Black 
. Orange 
. Deep Cream 
. Light Brown 
. French Grey 
. Crimson 
. Azure Blue 



CHAPTER V 


HEATING AND 

The adequate heating and ventilation 
of industrial buildings can scarcely 
be over-stressed, these factors having 
a vital bearing upon the welfare of 
the occupants. The idea! to be aimed 
at is to design heating and ventilation 
installations so that the most suitable 
temperature and humidity conditions 
can be given and that proper air- 
movement, as apart from giving a 
specified interchange of air, can be 
ensured witliout appreciable draughts. 

Heating in Industry 

All industrial buildings require to be 
heated during the winter months, 
some to comply with factory regula- 
tions, some for reasons of manufacture, 
but the majority in order to ensure the 
comfort and well-being of the staff, 
without which the quantity and quality 
of production will rapidly deteriorate. 
The primary object of heating is not, 
as may be supposed, the heating of 
the body itself, but the prevention of a 
too rapid loss of heat from the body to 
the surrounding air and to exterior 
objects, by air contact, radiation, and 
evaporation. The object of heating, 
therefore, is to maintain such a tem- 
perature as will permit of a normal loss 
of heat. 

The human body is continuously 
generating heat, and to maintain the 
normal temperature of health and 
comfort conditions the body must 
also give up heat continuously. It has 
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been stated that the amount of heat 
generated by the human body in still 
air at 70° F. varies approximately 
from 400 B.T.U.s per hour, in the case 
of a sedentary worker, to 1300 B.T.U.s 
per hour for a man doing heavy manual 
work. Normallv, the cooling of the 
body is effected in two ways, i.e. by 
imparting heat to the air which comes 
into contact with the clothes and body, 
and bv the evaporation of moisture 
from the skin and the respiratory 
surfaces; in other words, partly by 
radiation to colder surrounding objects 
and partly by convection. 

In some workshops, foundries, 
forges, steam laundries, etc., where the 
operations carried on are attended by 
the g(Tieration of heat in furnaces or 
stoves, allowance must be made for 
this, and the temperature fixed accord- 
ing to the work to be performed. 

It will at once be appreciated that 
different types of buildings require 
entirely different treatment, and that 
the materials of which the buildings 
are constructed must be taken into 
account. The iieat losses vary greatly, 
not only according to climatic con- 
ditions and the nature of the work 
being performed, but also according to 
the structure of the walls, whether of 
cement, brick, timber, iron, etc. The 
area of glass and nature of flooring are 
also important items to be considered. 

When considering the installation of 
a heating system it is advisable to do 
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SO before the plans of the building are 
completed, as it will be found much 
easier to design a satisfactory plant at 
this stage than to design a plant to 
suit existing conditions. 

In the modern factory there is 
usually a large window surface, and as 


is always worth while obtaining the 
services of an efficient heating and 
ventilation engineer. 

Hot Water Heating 

For the heating of warehouses and 
offices, hot water systems are the most 
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a result more heat is lequired to 
maintain an adequate temperature 
than in the earlier type of small win- 
dow factory. It is important always 
that artificial heat should be intro- 
duced at as low a level as possible. 
The problems are so varied that 
only those who have had an extended 
experience in all classes of buildings 
are in a position to design really 
efficient apparatus. For this reason it 


widely used. The method of applica 
tion may be either the low-pressure, 
high-pressure, or accelerated system. 
With low-pressure hot water heating, 
the heating surface may consist of 
piping only, or a combination of 
piping and radiators. The latter is 
the more suitable arrangement for 
offices, each radiator being under indi- 
vidual control (Fig. 89). This is the 
most widely used system for general 
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purposes, being simple to operate and and maintains uniform temperature 
reliable. throughout the building. When 

High-pressure hot water heating is properly designed, gravity circulation 
inexpensive, economical, and easily may be utilized during the night, the 
operated. The pipes are small and accelerator being started up when full 
unobtrusive and may be adapted to heating is required, 
any building. The plant is centrally For lofty buildings, heating eorn- 
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controlled from the boiler, local control bined with ventilation is the most 
not being possible. This system is satisfactory method. For multi-story 
frequently used for drying rooms. buildings there is much in favour of 
For larger buildings, accelerated hot low-pressure steam. High-pressure 
water heating is widely adopted, the steam is, however, frequently used 
circulation being mechanically accel- because it is employed for other pur- 
erated by means of a motor-driven poses, but the high temperature of the 
pump. This allows smaller mains to be steam is often objectionable since it 
used, gives more freedom in design, causes disassociation of dust and a 
requires a shorter warming up period, consequent unpleasant odour. There 
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are several types of boilers for heating 
purposes, and these may be fired by 
coal, coke, oil (Fig. 40), or gas. 

Utilization o! Waste Heat 

Exhaust steam is often utilized for 
heating purposes. In most works 
there are, in addition, other sources of 



Fio. 47. OvEKHEAD Type Unit, 

Steam Tuhtune Djitven 

surplus heat which can be made avail- 
able. In iron and steel works furnace 
gases are passing off at high tempera- 
tures, and offer wide scope for use in 
waste heat boilers. Every intermittent 
kiln, whether for brick, fireclay, pot- 
tery, or other ware, offers considerable 
scope for heat recovery. Of the heat 
generated, some 60 per cent or so is 
absorbed in heating up the material to 
be fired and the kiln itself. This 
accumulated heat can be recovered 
during the cooling period and utilized 


for warming or drying purposes. Be- 
sides these examples, there is surplus 
heat available from enamelling ovens, 
mufile furnaces, cloth finishing ma- 
chines, and other similar equipment. 

Unit System of Heating 

The development of the unit system 
of heating is a noteworthy contribu- 
tion to present-day industrial efficiency 
and advancement. Small units allow 
for varying conditions and they also 
meet the wishes and feelings of indi- 
vidual operatives, while there is cer- 
tainly less opportunity for workers to 
tamper with the installation if it is 
overhead. Other advantages which 
may be claimed for the unit heating 
system are as follows — 

(1) It is easy to install. 

(2) The first cost is low. 

(3) Rooms are heated quickly. 

(4) Warm air is deflected where 
desired. 

(5) The same fan will circulate cool 
air in summer-time. 

(6) It is easy to move to a new 
position. 

Figs. 41 to 47 illustrate the different 
types of unit heater met with in 
practice. Before going into further 
detail regarding combined heating 
and ventilating systems, however, it 
will be as well to consider ventilation. 

Air Movement 

A stagnant atmosphere is one of the 
main causes of mental and physical 
inefficiency in industrial operations. 
This has been closely investigated and 
is clearly demonstrated by the various 
reports of the Industrial Fatigue 
Research Board issued by the Medical 
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Research Council. It is during the 
summer months that the lack of 
ventilation and the absence of air 
movement are most severely felt. For 
this reason an effective system of 
ventilation or air circulation produces 
the most gratifying returns at this 
season of the year. 

The movement of air 
IS extremely important 
to physical well-being, 
the absence of air im- 
purities and the pro- 
vision of a large air 
space per individual 
not, in themselves, 
being sufficient. The 
temperature in every 
office and workshop 
should not be uniform 
and monotonous but 
should vary during the 
day in different parts 
of the building, thus 
ensuring a change in 
the atmosphere. It is 
essential that the air 
should be kept moving, 
and it should prefer- 
ably be cool and dry rather than 
damp and hot. 

Natural Ventilation 

For efficient ventilation there must 
be openings of adequate size in suitable 
positions for the inflow and outflow of 
air. In small rooms ordinary doors 
and windows provide the inlets and 
the chimney flue the outlet, and 
these are generally satisfactory. In 
larger rooms the windows should be 
fitted with “hoppers” at a low level 
and swing windows at a higher 


level. For examples see Fig. 48. 

Circulating fans have much to 
commend them in offices and small 
workshops where the existing ventila- 
tion needs improvement. There are 
various types of portable and sus- 
pended fans, similar to those )llus- 


trated in Figs. 49 and 50 respectively. 

Outlets in the form of roof venti- 
lators (Fig. 51) are frequently used, 
but where down-draughts occur due 
to the wind, the pitch of the roof, or 
the location of the building, the 
volume of air extracted tends to be 
reduced if an endeavour is made to 
counteract the trouble. A very success- 
ful type of roof ventilator is illustrated 
in Fig. 52. It provides free outlet for 
the air and makes effective use of the 
action of the wind passing horizontally 
across, to maintain extraction. 
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The revolving cow! type of roof 
extractor requires to be carefully 
constructed, accurately balanced, and 
well lubricated if it is to give satisfac- 
tion, and for this reason the fixed type 
is usually preferred. 


Production is directly dependent 
upon atmospheric conditions, poor air 
having an adverse effect on the vitality 
of employees, and in some instances 
also on materials and machines. Nor 
is the latter confined to small tools and 



Fig. 49. Fortahle KLErTuic 
OiiniT Fan 



Fig. 50. Suspended Electric 
Air Circulating F‘\n 



Fig. 51. ])oi hle-sided Kiixje 

I X )T"VRE VeNTI T, \ T( )H 

(I'Xtemlh tin* loiiKlli oI tho rofil and thus a laiiir rxtiactioii aioa.) 



Fhj. .52. Roof Outlet Ventilators 
(CirciUar fixed typi') 


Working Temperatures 

In the British Isles it is cu.stomary 
to maintain th(‘ following tempera- 
tures inside the buildings when the 
outside tenqierature is 32'' F. — 

Workshojis in which heavy 

work is carried out . . 48-50" F. 

Workshops in wliich light 

w’ork is carried out . . 52-55'" F. 

Offices .... (U)-05"F. 


equipment, P^ig. 53 being an example 
of a large bobbing machine which 
is completely enclosed in an air- 
conditioned room in order to ensure 
accuracy of work. 

The provision of reasonably pure 
air at a comfortable temperature and 
humidity is an important factor to the 
well-being of workers. It is also of 
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1 .^ 










importance that the atmosphere shall works, tinplate works, and rolling 
not be too stagnant, even if it is mills are such that a very strong 
otherwise satisfactory. The need for movement of air is necessary to pro- 
purity and warmth is well known, but duee conditions of comfort for the 
humidity and air movement are also operatives. Exposure to extreme 
important. Unless the 
moisture content of the II 
atmosphere increases 

with the temperature ^ ^ 

there will be a feeling lN.^S / JH 

of dryness, and con- I n ^ ^\Jm 

vcrsely with a drop in H , /jk 

temperature a feeling 'a ’'/I 

of dampness. ** > > \ ' 

Although everyone W / 

IS aware of the drowsy ^ H]k L 

feeling which can be f 

experienced in a room t J A- ' Ilk " 

ill which the air, even I,-.- j 'Vlh, 

though cold, is per- J i : '' 'i ' 'l^A 

fectly still, it is not { 'I ! t ' 

everyone who takes the " 1 h||[SiM||-MbPP ] ,.4 | \ 1 

action necessary to ini- 1 ^ i 

prove matters, though T- ’ \ 

they may be in a | ||S*BB |f* 4 | | 

position to do SO. Some iji ^ j| |iB ^ ^ 

air movement is re- 11 I * < 

quired to carry away 

the evaporation from Ik .• 

the skin, and while this I 

IS often provided by 

worker or of machines, 

there are many cases (^ondipioned Room 

of sedentary work, 

especially clerical and assembly opera- radiant heat is a severe test of physical 
tions, with which some artificial air fitness, but an adequate supply of cool 
movement is desirable. Draughts are air suitably delivered enables maxi- 
to be avoided, especially by sedentary mum output to be maintained over 
workers, and it will be found that long periods. The sensation of coolness 
workers of this class will prefer a static depends upon the rate of evapora- 


a 


Fia 53 Large Horuing Machine enclosed in 
Air (CONDITIONED Room 


unpleasant atmosphere to draughts. 
The working conditions in glass 


tion of moisture from the skin. This 
being greatly accelerated by properly 


7-(B 354) 
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directed air currents, comfort is main- 
tained under conditions in which work 
would otherwise be almost impossible. 

Measures must be taken to maintain 
a satisfactory temperature, and at the 
same time the ventilation must be 
such as will not interfere with the 
purity of the air. Dust and soot which 



Kio. 64. Wind Shield fok Propkllkk Kan 

may enter the room with air required 
for ventilation should be excluded by 
washing or filtering the incoming air. 

Mechanical Ventilation Systems 

There are three systems — 

(1) Extraction. 

(2) Plenum. 

(8) Plenum combined with extrac- 
tion. 

Whatever the system adopted it 
should be effective at the working level. 

Extraction. The impure air is 
removed by fans and the fresh air 
enters at inlet points remote from the 
fans. Extraction systems are very 
effective in narrow rooms. Short cir- 
cuiting should be guarded against, 


and wind shields and ducts similar to 
those indicated in Figs. 54 and 55 
respectively, and fitted at a distance 
away from the fan not less than the 
fan diameter, should generally be 
provided. This is an excellent arrange- 
ment for buildings of more than one 
story, providing that the shield is not 



made to slope as shown by the dotted 
line in Fig. 55. 

Fropcllcr fans are usually favoured 
for extracting air and are extremely 
efficient, being capable of moving large 
volumes with a small expenditure of 
power. On the intake side air is drawn 
from all- the surrounding area and 
is propelled forward at a high speed 
for a considerable distance on the 
discharge side. 

If V is the volume of air discharged 
in cubic feet per minute for a particu- 
lar type of fan, D the diameter across 
the blades, and N the number of 
revolutions per minute, then — 

V ^ kD^N 

where A; is a constant (about 0*6, depending 
on the design). 
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Whenever a discharge of a certain 
standard has been decided upon, the 
formula should be applied to obtain 
the number, size, and speed of fans 
required. It may be helpful to note 
the figures shown in Table I, the first 


TABLE I 

Volume or Aib Discharged by Fan 


Diameter 

(feet) 

Average 

Speed 

(revolutions 
per minute) 

Volumes 
Discharged 
(cubic feet 
per minute) 

1 

1,700 

1,020 

11 

1,126 

2,300 

2 

840 

4,030 

21 

675 

6,320 

3 

660 

9,076 

31 

476 

12,230 

4 

420 

16,130 

41 

390 

21,320 


two columns being based on good 
average practice in fan design, and the 
third column having been arrived at 
by use of the formula. 

Viewed from the driving side, a fan 
is said to be right-handed (R) if its 
direction of rotation is clockwise, and 
left-handed (L) if counter-clockwise. 
There are eight alternative positions 
of outlet which are indicated by figures 
in Fig. 56. With any of these the 
direction of rotation may be either 
clockwise or counter-clockwise, thus 
giving sixteen alternatives and meeting 
all requirements. 

To prevent the air from being 
impeded, the fans should not be fitted 
to walls where winds prevail. 

Wherever ducts are necessary they 
should be short and free from pro- 
jections, with gradual bends, and in no 
circumstances should the cross-section 
of a duct be less than that of the fan 
disc. 

Plenum. This system is always 


adopted where complete air condition- 
ing is desired. Where it is used in 
factories, however, the air supply is 
not usually given any treatment other 
than being warmed. Centrifugal fans 
or pressure fans are used and are 
designed to move larger volumes of air 
against resistance, particularly those 
set up by extensive ducts. 

The excess of pressure on the dis- 
charge side of the fan is called the 
static pressure, and tliis is utilized to 
overcome the resistance offered by 
ducts. It will thus be realized that 
the resistance must be carefully esti- 
mated and a fan selected which will 
give the desired air volume. If the 
static pressure is increased, the volume 
of air will be decreased, and vice versa. 



L R 

LEFT HANDED RIGHT HANDED 

VIEWED FROM DRIVING SIDE 
Fig. 56. Positions of Fan Outlet 


Accordingly, it is not possible to give 
a law comparable to that of the 
propeller fan, and it is usual for manu- 
facturers to carry out a test for a 
particular fan at a constant speed, 
varying the pressure and noting the 
volume of air passed through. If the 
results are plotted, the curve obtained 
is called the characteristic curve of the 
fan. Static pressure is registered by 
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water gauge, one in(»h on the gauge 
representing an approximate pressure 
of 5 lb. per square inch. It should be 
noted that the volume of air delivered 
by any centrifugal fan is directly pro- 
portional to its speed, i.e. if the speed 
be doubled, the volume of air is doubled. 

Again, the air pressure or static 
water gauge set up by a fan is propor- 
tional to the square of the speed, i.e. if 
the speed be doubled, the air pressure 
will be inereas(‘d four times. Also, the 
power absorbed by a fan is propor- 
tional to the cube of the speed, i.e. if 
the speed be doubled, the ])ower will 
be increased eight times. The fan, 
therefore, which will give the most 
efficient results wdll be that which will 
deliver the required air volunje at the 
necessary pressure to overcome the 
resistance of the circuit with the least 



Fi«, 57. OvKKHhM) Air Inli:t C’ombinpjd 
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expenditure of ])ower. It is un- 
economical to use small high-speed 
fans and small duets. Fan manu- 
facturers usually give the speeds, 
volume of air discharged, and brake 
horse-power required for varying fan 
wheel diameters and static pressure. 


Plenum Combined zvitb Extraction, 
Ventilation is best controlled when 
both the air supply and extraction 
are effected mechanically, although 
it is extremely important that the 
extraction positions are suitably 
arranged relative to the plenum inlets. 



Fig. 58. Low Levll Am Inlet Dih’ts 
WITH Heating Pipes 


Combined Heating and Ventilating 
Systems 

A properly planned system of 
mechanical ventilation utilizing elec- 
trically operated fans, together with 
adequate heating arrangements, is 
necessary in most buildings, particu- 
larly during the winter period when 
windows and doors are all closed to 
keep the air warm or to avoid draughts. 

Preheating of the air supply is not 
common with extraction systems, 
whereas it is the accepted practice 
with the plenum and plenum com- 
bined with extraction systems. The 
air is drawn or blown by the fan 
through hot water pipes, coils, a 
radiator steam or exhaust steam 
battery, or gas or electric systems. 
Inlets combining air-warming devices 
are shown in Figs. 57 and 58. 





Fia 59 Plenum Hfatino and Ventilating Plant in an KLECTTiicAi Instiu mi nt Wobks 



Fio 60 Plenum Heating Installation in a Railway Running Shed 
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Where sheet steel ducts are used, 
as in most factory buildings, air is 
sometimes delivered overhead and 
sometimes near the floor level, this 
depending upon the height and general 
construction of the buildings. Each 
case must be considered on its merits. 


taken from existing shafting, or it may 
be driven by a separate motor . Where 
steam is available, a steam engine 
drive is the most economical, the 
exhaust steam being utilized for heat- 
ing purposes. If no steam is available, 
a direct fired heater can be utilized, 



Fig. 61 . Arhanqement or Heating and Ventilating Plant 


but usually high buildings necessitate 
the use of downcomers (Figs. 59 and 
60) to deliver the air at the working 
level of the operator. Except in very 
large buildings the whole of the duty 
of heating and ventilating can be per- 
formed by one plant (Fig. 61), but 
where the premises are very extensive 
it is usual to divide the plant into 
several units. 

The plant or plants should be 
centrally situated and comprise fan, 
heater, and an air filter where this is 
necessary. The drive to the fan can be 


though this does not give the same 
ease of control. 

For the majority of factories, pro- 
vided they are free from gas and high 
temperatures, not less than six com- 
plete changes of air per hour will prove 
satisfactory. If during the winter the 
cost of heating will prove too expen- 
sive, apparatus must be installed 
which will ensure adequate air move- 
ment. In warm weather the air is 
normally changed more frequently by 
the natural flow of air through the 
windows and ventilators, if these are 
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suitably distributed. For this purpose 
there should be at least 5 sq. ft. of 
opening per 100 sq. ft. of floor area. 

Undesirable draughts should be 
avoided by having the inlets properly 
placed and of sufficiently large area, 
with a maximum air speed of 250 ft. 
per minute. 

With the modern type of steel- 
framed construction and thin walls, 
heat losses will be greater and in 
winter a higher temperature than the 
normal temperature may be required. 
As already mentioned, however, too 
much attention must not be paid to 
the thermometer. It is the amount of 
air movement which is much more 
important. An instrument by which 
the measurement of air velocities may 
be ascertained is the katathermometer. 
The air velocity is calculated by 
measurements of the rate of cooling 
of the katathermometer and of the air 
temperature. With the standard kata- 
thermometer the rate of cooling from 
100° F. to 95° F. is observed. At the 
working position of a sedentary oper- 
ator, the average temperature being 
60° F. to 65° F., the air velocity should 
be 20 to 30 ft. per minute. For heavy 
muscular tasks or for high working 
temperatures, proportionally greater 
rates of air movement are necessary. 

Data Required 

The following preliminary informa- 
tion will be required where any 
heating and ventilating installation is 
under consideration — 

(1 ) Internal temperature to be main- 
tained in winter. 

(2) Minimum external temperature 
in winter. 


(8) Whether liv^e steam is available. 
If so, pressure and quantity. 

(4) Whether exhaust steam is avail- 
able. If so, pressure and quantity. 

(5) Proposed method of driving. 

(6) Whether electricity is available. 
If so, whether alternating or con- 
tinuous current, giving phase, peri- 
odicity and voltage if alternating, or 
voltage if continuous. 

(7) Number of employees, and 
whether special ventilation is required 
in any part to counteract obnoxious 
fumes. 

(8) Whether the plant is for use in 
tile daytime only, or can be run con- 
tinuously day and night in the coldest 
weather. 

(9) Drawings to enable the heat 
losses to be calculated. These should 
show the extent and description of the 
various exposed surfaces, such as 
walls, windows, floor, roof, and sky- 
lights. Adjoining rooms which are 
already heated should be indicated, 
and if any particular position for the 
apparatus is preferred this should also 
be included. 

Automatic temperature control is 
an important addition to any heating 
installation, and as manual control is 
not satisfactory it is best that the 
human element should be eliminated by 
the installation of thermostatic controls 
operating simple relay switches which 
start and stop the fan motors accord- 
ing to the temperature maintained. 
This results in economical running of 
the installation. 

Modern conditions in industry call 
for a simple form of heating and ven- 
tilating apparatus which, while satis- 
factory for present needs, can readily 
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be adapted to suit possible alterations 
and additions to the factory itself. 

Dust Ciollection 

The nect‘ssity for extracting dust 
from the air is a feature which is 
closely allied to ventilation. A great 
variety of industries produce, during 


their manufacturing proc(‘sscs, large 
quantities of line or coarse dust which 
must be collected (1) to safeguard the 
health of the workers, particularly 
against silicosis, (2) to protect valuable 
machinery, and (.3) to prevent nuisance 
and damage to surrounding property. 
In some cases it is insisted upon by 
legislation, whilst in others the dust 
is valuable and its collection is there- 
fore not only a question of health but 
is a profitable investment. 

In designing dust-exhausting appar- 
atus, hoods or hoppers usually have to 
be devised which will suit individual 
machines without obstructing the 
operator or interfering with the access- 
ibility of removable or adjustable 
parts. Conveying pipes must also be 


proportioned so that the dust is 
exhausted equally well whether a 
machine is close up to the fan or at 
the farthest end of the system. 

The choice of a suitable dust- 
eollccting plant is mainly dependent 
on the nature and size of the dust. 
For coarse material containing a small 
percentage of fines only, 
such as wood chips, saw- 
dust, leather, etc., a cy- 
clone separator, which 
gives a satisfactory degree 
of efficiency, is generally 
used. This type of dust 
collector is, however, not 
efficient for the collection 
of very fine dusts, and in 
many cases a combination 
of cyclone and cloth filter 
is employed. For small 
air volumes this is a good 
arrangement, but for large 
capacities the plant be- 
comes unwieldy and occupies too much 
space. Where comparatively large air 
volumes have to be dealt with, there- 
fore, an automatic bag type dust 
collector is probably the only satis- 
factory solution. 

The plant shown in Fig. 62 com- 
prises three dust collectors, each serving 
the vent of a closed circuit grinding 
equipment. The inlet to the dust 
collector is on the far side, the near 
side showing the inspection doors, top 
and bottom, and the operating gear 
on top of the collector. The plant is 
very compact and readily accessible. 
The dust collector hopper is below the 
platform, fitted with spiral conveyer 
and star feed valve discharging the 
collected dust to a belt conveyer. 
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CHAPTER VI 

INDUSTRIAL LIGHTING 


The enthusiasm of employees is quick 
to respond to improved working con- 
ditions, both the quality and quantity 
of work increasing accordingly. Par- 
ticularly does this apply to lighting 
conditions, and one of the best invest- 
ments that can be made in the factory 
is to ensure that both the natural 
and artificial lighting conditions are 
thoroughly satisfactory. 

The eyes arc undoubtedly the most 
delicate organs of the human body, 
and they must be given every con- 
sideration if continued and efiicient 
service is to be obtained. 

Briefly, defective lighting has the 
following disadvantages — 

(1) Increased liability to accidents 
owing to the inability to see objects 
distinctly. 

(2) Spoilage and scrap. 

(3) Poor “ atmosphere ” and lessened 
cleanliness. 

(4) Failing eyesight and health of 
employees. 

Unless proper precautions are taken 
the universal use of high-speed 
machinery tends to increase the risk 
of accidents owing to the inability to 
see objects distinctly, and an increased 
liability to accidents not only creates 
a sense of apprehension in the mind of 
the employee and tends to accentuate 
industrial fatigue, but this feeling of 
apprehension inevitably slows down 
his efforts and impedes production. 
From a study of official records of 


industrial accidents it is observed that 
the percentage of industrial accidents 
is found to be considerably higher in 
the winter than in the summer months, 
so that the darker days and ineffi- 
cient artificial lighting undoubtedly 
have a material bearing upon these 
conditions. 

Natural Lighting 

Nature’s iH incipal source of light is 
the sun. On a clear day it illuminates 
surrounding objects to such an extent 
that the light reflected from these 
objects is frequently harmful. If it is 
a dull day the sky diffuses the direct 
rays, thus forming a more pleasant 
degree of illumination and actually 
better visibility because the faculty of 
vision is not strained. In the eye the 
size of the pupil regulates the quantity 
of light which enters, and when the 
light is brilliant and shines directly 
into the eye it tends to contract the 
iris, making it difficult to see and 
reducing visibility. Under proper 
lighting conditions, where only re- 
flected and diffused light enters the 
eye, the iris is extended normally, 
ensuring greater visibility and freedom 
from eye-strain. 

Indoors a certain amount of sun- 
light is always welcome, but when the 
sun is too strong portions of the win- 
dows on the south side should be 
shaded and all roof-lights temporarily 
whitened. 
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Rays of natural light are either 
direct or reflected. Daylight is 
pleasant but its intensity depends on 
the season, locality, and time of day, 
and no “control of the source” is 
possible. The advantages of good 
natural illumination should be obvious, 
and in deciding on the number and 
size of windows the following points 
need to be considered — 

(1) General construction of win- 
dows, especially with regard to area. 

(2) Proximity, character, and 
colour of adjoining buildings. 

(3) Height and width of rooms. 

(4) Provision of open spaces in 
layout. 

The total window space should be 
from 20 per cent to 35 per cent of the 
floor space. Windows may be lateral, 
they may be roof windows, or they 
may be a combination of the two. 
Roof lighting is, of course, only 
possible for the top floor of multi- 
story buildings, or for single-story 
buildings. The north light or “saw 
tooth” roof, in which the glass 
faces north, gives a quite uniform 
illumination. 

In these days, large airy steel- 
framed windows are much favoured. 
These are cheaper than walls, though 
not so resistant to cold, they are 
adaptable to ventilation, are fire 
resisting (more especially when com- 
bined with fire-resisting glass), and 
they give straight lines which are 
architecturally correct. liateral light- 
ing is normally equivalent to 100 foot- 
candles and is only effective for widths 
of 40 ft. to 60 ft. (illumination at the 
centre being about I foot-candle). It 
should be noted that — 


( 1 ) I3aylight factor 

Actual illuminati oii at any point 
~ Illumination of horizontal surface 
exposed to ctimplete hemisphere 
of sky 

(2) Hill ratio 

Actual illumi nation at any point 
Illumination that would reach sill 
of unobstructed window 

The average sky brightness in towns 
is 500 foot-candles. The daylight 
factor may be as low as 0*2 per cent, 
below which supplementary artificial 
lighting is necessary for adequate 
vision. A minimum daylight factor of 
1 per cent to 2 per cent and a sill ratio 
of 2 per cent to 4 per cent are desirable. 

Ordinary glass absorbs 4 per cent of 
light. Ribbed glass (which is opaque) 
absorbs 10 per cent but refracts the 
rays of light and distributes them more 
horizontally than ordinary glass. 

Any darkening of roof-lights which 
is considered desirable for the elimina- 
tion of glare during the summer period 
should not exclude too much light, as 
dull days must also be taken into 
consideration. Outside whitewashing 
will usually meet the case satisfactorily. 

So far as the interior painting of 
walls is concerned, it should be remem- 
bered that flat tones absorb the light 
whilst enamels reflect. Too much 
reflection is not, of course, desirable as 
it results in glare. The coefficients of 
reflection of various surfaces are given 
in Table II. 

Modem Standards 

In existing multi-story buildings of 
great width in proportion to height 
from floor to top of windows, or where 
the space is narrow between blocks 
of buildings, the lighting should be 
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compared with modern standards. The 
maximum width of modern buildings 
should not exceed five times the height 
from floor to top of window, and the 
width between the blocks should be 
great enough to allow a ray of light 
passing the top edge of the roof of one 
building to penetrate well into the 


the latter is insufficient, and for in- 
terior and exterior illumination during 
after-dark periods of working hours in 
the winter. At times the excuse has 
been advanced that lighting is an 
expensive item of workshop expenses. 
Compared, however, with other shop 
charges, lighting expenditure is found 


TABLE IT 

Coefficients of Reflection of Various Surfaces 


Surface 


Coefficient 
of Reflection 
per cent 


Surface 


Coefficient 
of Reflection 
per cent 


Aluminium Paint 
Black Paint Matt 
Brick Dark 
Brick Light 
Bufl Light Matt 
Caen Stone 
Concrete (Uupainted) 

Cream Matt 

Galvanized Iron (Unpainted) 
Glass (Ordinary) 

Grey French Matt 
Grey Dark Matt 


72 

6 

22 

46 

36 

72 

45 

62 

16 

14 

28 

22 


Green Light Matt 
Green Dark Matt 
Ivory Glossy . 

Ivory Matt 

Plaster (Cement Finish) 
Plaster Board . 

Rod Carmine Matt 
Steel (Unpainted) Structural 
Tile White Glossy 
White Blotting Paper 
White Paint Glossy . 

White Paint Matt 


41 

27 

69 

64 

76 
60 

9 

16 
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interior of the ground floor of the 
nearest building. This condition will 
usually be met by making the width 
of open space between buildings not 
less than the building height. Where 
these conditions do not apply, addi- 
tional light may be reflected into the 
interior either by outside reflection or 
by special ribbed glass. Both methods 
are effective if the reflecting surfaces 
are kept clean. Window cleaning is 
commonly neglected, especially with 
roof-lights, and this is a very bad 
feature. A glass roof requires inside 
cleaning as well as outside, though of 
course less frequently. 

Artificial Uluminatioii 

Artificial lighting is required as a 
supplement to natural lighting when 


to be relatively small, and therefore, 
considered in terms of even a modest 
increase in output, the fallacy is 
evident. 

It should be noted that light and 
illumination are widely different terms 
in the sense that light may be de- 
scribed as the “cause’’ and illumina- 
tion as the “effect.” Although a 
sufficiency of light may be provided in 
any given location, it does not follow 
that the area is correctly illuminated. 
Light can be grossly wasted thus losing 
the major part of its usefulness, but 
when correctly applied it is reflected 
or diffused and converted into illumina- 
tion. The amount of light emitted 
by an electric lamp may run into 
several hundred lumens, but if it 
is not effectively controlled the 
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resulting illumination on the plane of 
operation may be extremely small 
and insufficient. 

Glare. Glare may be described as 
“light out of place.” It may be direct 
or reflected, that is, direct from the 
light source to the ey<‘ as caused by 
bare lamps in the line of vision. 
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generally because the angle between 
the source of light and the eye is less 
than 30°; or reflected from an object 
such as a highly polished machine 
surface. It may be due to excessive 
contrast between the source and the 
surroundings, or it may even be due to 
excessive brilliancy of the source*, i.c. 
more than 2*5 candles per square inch. 
Any or all of these will cause visual 
discomfort. 

Candle-power. The term “candle- 
power” is used to designate the 
strength of the light emitted by any 
given source in a definite direction, 
and is the accepted unit of measure- 
ment. Candle-power standards are 
fixed by international agreement. 

Horizontal candle-power (II.C.P.) is 
the candle-power of a lamp in the 
horizontal direction. 

Mean horizontal candle-power 
(M.H.C.P.) is the average of the 
candle-power of a lamp in the hori- 
zontal plane. 


Mean spherical candle-power 
(M.S.C.P.) is the average of the candle- 
power from a lamp in all directions. 

The measuring of candle-power in 
any direction does not give any indica- 
tion of the total amount of light 
emitted by a source. As an example, 
the beam from a searchlight may 
develop 2, 000, 000 candle-power in one 
direction, yet the mean spherical 
candle-power of the light source may 
only be in the region of 500. 

Whilst the light emitted by a source 
is measured in candle-power, the 
intensity of illumination received at 
the point where the work is performed 
is measured in foot-candles. 

I'he Foot-candle. The foot-candle is 
the intensity of illumination one foot 
away from a light source of one candle- 
power. The greater the distance light 
travels, the less is the illumination 
received per unit surface. This value 
can be computed by the law of inverse 
squares which is as follows — 

Illumination in foot-candles — 

(\P. (candle-power) 

(Distance from light source)^ 

For instance, one foot away from a 
light source of 16 C.P. 16 foot-candles 
will be obtained, while two feet away, 
4 foot-candles will be the result, 
assuming that the light rays strike the 
plane of illumination at right angles 
(Fig. 63). 

The Lumen. Light is a form of 
energy and it is important that the 
unit of energy should not be confused 
with the unit of intensity (candle- 
power). The “lumen,” or unit of 
luminous flux, may be considered as 
the unit of energy in much the same 
way as the inch is the standard of 
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rainfall over a certain area, as it em- 
bodies the area illuminated by a light 
of definite intensity and the degree to 
which such area is illuminated, viz. 1 
sq. ft. of surface to an intensity of 
1 foot-candle. In Fig. 64 opening OR 
has an area of 1 sq. ft. and emits 
1 lumen. Hence a lamp which gives 
1 candle-power at a distance of 1 ft. 
provides an illumination of 1 foot- 
candle over an area of 1 sq. ft. and 
produces 1 lumen over that area. As 
such a light, giving an equal intensity in 
all directions, would produce a similar 
illumination all over the interior sur- 
face of a sphere of 1 ft. radius (2 ft. 
diameter), it would illuminate 12*57 
sq. ft., thus producing 12*57 lumens, 
which is, therefore, often stated as the 
equivalent of 1 candlc-})owcr. This is 
clearly shown in Fig. 65, where an 
area of 1 sq. ft. is shown removed from 
a sphere of 1 ft. radius. Thus a lamp 
may be rated in the terms of the 
lumens it produces — 


I Ainiens 

— Foot-candleb =' Area in square feet, 
or 


F()<)t-i*andles 


Lumens 

Area in square leet 


Efficiency of Lamp. The efficiency of 
a lamp is measured by considering 
the luminous output of lumens per 
watt expended. It is obtained by 
dividing the total lumens obtained 
from the lamp by the input of watts. 
The total lumens emitted by a lamp 
may be ascertained by multiplying 
the mean spherical candle-power by 
477 = 4 X 3*1416 = 12*57. All the 
light from a lamp is not effective since 
some of it is absorbed by the reflector 
and some may be absorbed by the 


walls and ceiling. Supposing a work- 
shop measuring 100 ft. X 100 ft. is 
to be illuminated by means of 100- 
watt lamps on 10 ft. centres. The 
proposed lamp gives approximately 
1200 lumens. If the reflector, ceiling, 
and walls absorb 33 per cent of the 
light, 67 per cent or 804 lumens will 
be effective per unit. The amount of 
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light spread over the area, therefore, 
gives a resultant illumination of 8*04 
foot-candles. 

The Photometer. The only correct 
and satisfactory method of aseertain- 
ing definitely whether the lighting 
installation is producing maximum 
efficiency by giving sullicieiit light, is 
actually to measure the lighting in- 
tensity obtained in various parts of the 
factory or workshop. This is readily 
done by the use of either a visual or 
photo-electric type of portable illu- 
mination photometer, a small light- 
measuring instrument which clearly 
records the lighting intensity in foot- 
candles at any particular spot. The 
purchase of one of these instruments 
may be regarded as a good investment. 
By means of the photometer one is 
able to check periodically any reduc- 
tion in lighting intensities due to 
depreciation, ageing of lamps, etc., 
and thus to take the necessary 
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measures in maintaining the original 
efficiency of the lighting installation. 

Planning a li ghting TnatAllfttinTi 

There are important considerations 
common to many installations which 
must be carefully borne in mind when 
deciding on an installation scheme. 
The class of work performed, types of 
machine used, surroundings and archi- 
tectural details, are all contributory 
factors to the success or failure of 
an installation. Each case must be 
treated on its merits. The following 
general rules should be observed — 

(1) Light sources should be kept out 
of the direct line of vision. The eye 
adjusts itself to the brightness by 
shutting out some of the light rays, 
thus reducing the ability of the 
operator to see clearly. 

(2) Flickering light sources produce 
eye-strain. This reduces the operator’s 
efficiency and should be avoided. 

(8) Areas should be divided sym- 
metrically, preferably into squares, 
and the units evenly spaced in each 
square. The size of the squares de- 
pends upon architectural construction, 
the size of the illuminating unit used, 
and the mounting height available. 

(4) A constant spacing ratio must 
be followed to secure uniform illumina- 
tion. The spacing ratio is found by 
dividing the spacing distance by the 
mounting height above the plane of 
illumination. For example, in Fig. 70 
(page 86) the spacing ratio is 1-5. 

(5) One lighting unit of high in- 
tensity should not be used where 
several small correctly spaced ones 
will give better results. 

(6) The installation system should 


be at once simple, reliable, easy to 
maintain, and of low operating cost. 

There are four types of artificial 
lighting used in industrial installa- 
tions — 

1. General Lighting. This should 
result in producing even illumination 
all over the working plane, and is 
accomplished by the use of scientific- 
ally designed reflectors properly 
located as to height and spacing. 
Prominent among its advantages are 
good diffusion, absence of both direct 
and reflected glare, absence of dark 
places, and correct distribution of light 
on the work. Examples of good general 
lighting are given in Figs. 66 and 67. 

2. Localized Lighting. This is some- 
times called dropcord lighting, but 
without at least the assistance of 
general lighting it is not usually a 
practical proposition, owing to its 
high maintenance cost. A purely local 
lighting installation will very rarely be 
satisfactory, and therefore it should be 
avoided wherever possible. One of its 
disadvantages is that it is almost 
impossible to avoid pools of darkness 
and stray cast shadows. 

3. Combined General and Local Light- 
ing. Unless care is taken, this system 
carries with it the faults of the localized 
system. It. is necessary, however, in 
those cases where a high intensity is 
required for fine work on certain 
machines, as this could not be econ- 
omically obtained by a high intensity 
of general illumination. Where the 
majority of work carried out requires 
only a moderate intensity, it would 
not be practical to increase the general 
illumination greatly throughout in 
order to provide for a few special 






Fig. 66. Night Photogbaph showing a Labge Shop in the Shaftmoor Lane 
Works, Birmingham, of Messrs. J. Lucas, Ltd. 

Equipped with industrial units giving a uniform liglitiiig standard of 20 foot-nundles 



Flo. 67 . Night Photograph showing a Well-lit Shop op the Birmingham Tool & Gauge Co., Ltd. 
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machines. In cases of this kind, the prismatic reflector and bottom re- 
addition of high intensity local lighting fractmg dish in suitable metalwork 
as a supplement to the general lighting and surrounded by an opalescent 
system would be advisable. Fig. 68 cylinder. These units were mounted 
shows a night photograph of a press at a height of 13 ft. 6 in. and were 
room where the problem was divided equipped with 150-watt mercury dis- 
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into two sepanitc Tcquiienicnts (1) to 
afford gencial lighting to the entire 
working area, including the paper 
webs and upjicr structuie, and (2) to 
piovide adequate lighting upon the 
cylinders. It was deemed imperative 
to keep all lighting units away from 
the presses, and centre aisle lighting 
was therefore adopted. To meet 
general lighting requirements a special 
unit was used comprising a clear 


charge lamps. For the cylinder light- 
ing, lantern units were employed with 
two concentrating refractor panels 
equipped with 80-watt II. P. mercury 
discharge lamps. 

The intensity of general illumina- 
tion should always be high enough to 
avoid violent contrasts, the presence 
of which would increase the liability 
to accidents. 

4. Modified General Lighting. Where 
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it is necessary to provide a higher 
intensity of illumination over some 
areas than at others, larger lamps and 
reflectors can be installed over those 
areas, still keeping the units at uni- 
form spacing and height. This system 
has all the advantages of general 
lighting and none of the disadvantages 
of the localized, or combined general 
and localized systems. Sometimes, 
however, a supplementary directional 
source is needed for boring and similar 
operations. Adjustable bracket fit- 
tings, as illustrated in Fig. 69, are 
extremely useful for this purpose. 

Special problems arise where explo- 
sive atmospheres, vapours or corrosive 
acids are present, and these must be 
dealt with by lighting experts only. 

Location of Points 

To ensure even illumination, lighting 
units must be arranged symmetrically 
and not too far a})art. 

Symmetry in spacing should be 
adhered to, and the simplest method is 
to divide the area to be illuminated 
into a number of equal-sized squares, 
with a unit in the centre of each, taking 
into consideration the position of roof 
girders, columns, supports, and posts, 
the presence of which may otherwise 
create unnecessary and objectionable 
shadows. These imaginary squares 
will be found to range in general 
practice from 10 ft. X 10 ft. to 
30 ft. X 30 ft., varying, of course, in 
relation to the position of roof sup- 
ports and posts. Architectural con- 
ditions may necessitate the division 
of the area into rectangles as being 
simpler for arranging the layout. Thus, 
a workshop may be automatically 

8— (B.354) 


divided into natural bays formed by 
roof trusses and roof supports. 

Design of Reflectors 

The source of light is the “raw 
material and a reflector is necessary 
to produce the ‘finished product.” All 
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types of lamps direct some rays up- 
ward and in other directions away 
from the objects to be illuminated. 
Relatively, these rays are not useful. 
The economic function of a reflector 
is to intercept these comparatively 
useless rays and distribute and direct 
them where they will serve a useful 
purpose. A correctly designed reflector 
will also shut off the rays coming direct 
to the eyes from the filament of the 
lamp, which would have a blinding 
effect if not intercepted. A lamp 
shaded by a properly designed reflector 
will throw upon the working plane the 
correct amount of light, whereas a 
lamp of higher candle-power, but 
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without a reflector, is a waste of 
potential energy. Accordingly, as far 
as the eye is concerned, the lamp of 
lower candle-power actually gives 
more light because of the reflector. 
There arc three clearly defined types 
of reflectors — dispersive, concentra- 
ting, and angle reflectors. There is 
also the diffusing unit type of fitting. 

Dispersive type reflectors provide a 


wide distribution of light. They are 
suitable for general overhead lighting 
ensuring adequate illumination on 
both horizontal and vertical surfaces. 
The reflectors should be spaced at a 
distance apart equal to one and a half 
times their mounting height above the 
plane of work (Fig. 70). 

Concentrating type reflectors are 
designed chiefly for lighting shops 
where the mounting height must be 
considerable. When installed above 
the overhead travelling crane in large 
shops, they provide good illumination 
on the horizontal working plane. To 
provide uniform illumination, con- 
centrating reflectors should be spaced 
a distance apart equal to their mount- 
ing height above the plane of work. 


Angle type reflectors (Fig. 81, 
Chapter IV) are frequently employed 
in large works to supplement the 
illumination available from the over- 
head system, and are usually mounted 
on side walls or columns at a height 
of 15-20 ft. from the ground. Their 
use ensures that vertical surfaces are 
well lighted, and in consequence they 
are frequently used in large erecting 
shops and paint shops, 
where a considerable 
amount of the work is 
done on vertical surfaces. 

Diffusing type fittings 
comprise a reflector similar 
to the dispersive type but 
with an opal glass globe. 
They are particularly suited 
to the lighting of fine 
assembly shops, as a high 
intensity of illumination is 
provided unaccompanied 
by glare from the fitting. 
They are also used extensively in 
offices and drawing offices, since they 
do not rely on the reflecting properties 
of the ceiling. Industrial diffusing 
units should be installed to the same 
spacing height ratio as dispersive 
reflectors. 

The Photometric Curve 

The photometric curve is the 
graphic representation of light distri- 
bution usually employed in illumina- 
tion calculations. The intensity of 
light from a given source can be 
determined for various angles, these 
usually being in a vertical plane 
through the lamp axis, and the in- 
tensities obtained, expressed in terms 
of the candle-power, can be plotted 
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SO as to convey clearly the manner in 
which the light is emitted. On the 
photometric curve, Fig. 71, the in- 
tensity of light given off directly 
downward is indicated by measuring 
off this intensity on the vertical to a 
given scale. Thus, OA represents the 
candle-power intensity directly below 
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the light. Similarly, the distances OBy 
OC, OD, OE, OF, and OG represent 
candle-power intensities given off all 
around the light at angles above the 
vertical of 15 degrees, 30 degrees, 45 
degrees, 60 degrees, 75 degrees, and 
90 degrees. Similarly, the candle- 
power intensities above 90 degrees can 
be measured off to the given scale 
along their respective angles. These 
points are then joined by a continuous 
line, G, F, E, D, etc., and this line, 
when completed for the 360 degrees, 
is called the photometric distribution 


curve of the light. Fig. 71 shows such 
a photometric curve. In practice, 
however, it is customary to use cir- 
cular lines, as indicated in Fig. 72, to 
show the scale to which the candle- 



Fio 72. Reproduction of Actual. 
Photometric Curve 


powers are plotted. The dotted curve 
gives the candle-power intensity of the 
lamp without the use of a reflector. 

Lamp Sizes 

After the position of lighting units 
has been settled, and the reflector 
selected which it is considered will best 
meet the conditions of the installation, 
the size of the lamp necessary to give 
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the required intensity can be deter- 
mined by the following formula — 

Lamp lumens Area in Lamp lumens 
required per = square feet - required per 
unit per unit square foot 

where 

Area in square feet per unit 

Total floor area in square feet 
Number of units 

and 

Lamp lumens required per square foot 

Foot-candles v Depreciation factor. 
Coeiflcient of utilization 

The coefficient of utilization varies 
according to the type of reflector, the 
room proportions, and the colour of 
the surroundings, while the deprecia- 
tion factor is the allowance made for 
depreciation due to accumulation of 
dirt and dust and deterioration of 
reflecting values of walls. For all 
practical purposes a coeflicieut of 
utilization of 0*5 can be taken as satis- 


factory, this figure making the neces- 
sary allowance for depreciation. 
Table III indicates the minimum 
desirable illumination intensities re- 
quired to give satisfactory lighting for 
different industries and operations. It 
will be noticed that these values are 
considerably below daylight intensity 
values, which range from anything up 
to 10,000 foot-candles under a bright 
noon-day sun outside down to 100 
foot-candles indoors near windows. 

Type of Operation 

This will decide the intensity of light 
required. The operations may be 
described as — 

(a) Inspective, demanding a con- 
centration of the sight at one point or 
small area, e.g. weaving, or 

(b) Detective, requiring a general 
watch over a given process, labour 
only being necessary when anything 
goes wrong, e.g. spinning. 


TAULE III 

Minimi M IijUx^mination Jntknsitiks Reqi iked 


Location 

Foot -candles 
Hecom- 
incnded 

Location 

Foot-candles 

Recom- 

mended 

Approaches and Yards 

AHSombling — 

()-25 

Paint Manufacturing 

Power Stations — 

10 

Hough Work .... 

8 

Boilers ..... 

5 

Fine Work .... 

10-20 

Switch-boards, Engines 

8 

Extra Fine Work 

20 50 

Printing Industry 

10 

Chemical Works 

5 

Linotype, Engraving 

20-50 

Clothing Factories 

15 

Sorting and Packing 

6 

Drawing Offices 

15-25 

Sheet Mental Works — 


Electrical Manufacturing 

12 

Hough Forging 

6 

Engraving and Die-inaking . 

20-50 

Fine Forging and W'olding 

10 

Foundry ..... 

10 

Smith Shop — 


Garage and General Hepair» 

12 

Hough Forging 

6 

General Offices .... 

8 

Fine Forging arwl Welding 

10 

Machine Shop — 


Stone Crushing and Screening . 

2 

Hough Work .... 

8 

Structural Steel Works 

8 

Fine Automatic Machines, 


Warehouses .... 

4 

Medium Grinding, Fine 
Buffing and Polishing 
Grinding (fine work) 

1 

Woodworking and Cabinet- 


10 20 
j 20-50 

making .... 

10 
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For inspection and the detection of 
defects special lighting arrangements 
are required. 

Type of Equipment 

Dark and rough surfaces absorb 
more light and reflect less than smooth 
bright ones. Machinery should be 
painted green or grey in preference to 
black. Individual motor drive to 
machines avoids interruption and 
shadows caused by belts, pulleys, and 
shafting. 

The effectiveness of lighting is not 
dependent on brilliance but upon the 
ability of the employee to distinguish 
clearly and differentiate easily without 
eye-strain. The avoidance of irritating 
brilliance is as important as the 
elimination of partial obscurity. 
Several units of low intensity are far 
preferable to one of high intensity, so 
that light may proceed from several 
directions. 

Deep shadows occasioned by the 
incorrect mounting or spacing of 
lighting units should be avoided. 
Their presence may cause serious 
accident by placing moving machinery 
in deep gloom. 


TABLE IV 

Epficiency of Lioutino 


Industry 

Foot-candle 
IntciiHity 
with Dirty 
Reflector 

Foot-candle 
Intensity 
With Clean 
Reflector 

Percentage 

Increased 

Efflciency 

Foundries 

7 

12 

71 

Steel Works 

2 

3 

50 

Bench Work 

42 5 

106 1 

147 


The frequent and systematic clean- 
ing of all units is necessary, otherwise 
the efficiency of lighting falls rapidly. 
The comparative figures shown in 
Table IV, which were extracted from 
a Government report, prove the neces- 
sity for the regular cleaning of lamps 
and fittings. Dull lights are as ineffec- 
tive as blunt tools, and there is a point 
reached where it is profitable to replace 
existing lamps by new ones. Cheap 
lamps give inconsistent performance, 
and increase the cost of maintenance. 

Advantages of Good Lighting 

Apart from the beneficial effects of 
good lighting upon production and in 
reducing the risk of aecidents, working 
conditions are materially improved and 
the surroundings made more hygienic, 
with the result that there is less fatigue 
and depression amongst the employ- 
ees, and in eonsequence they enjoy 
better health. Every employee does as 
much with his eyes as with his hands. 
Good light protects his eyes and guides 
his hands, preserves his vision and 
improves his skill, and also increases 
his confidence and promotes content- 
ment. Good lighting is also of enor- 
mous value to the management, as it 
considerably aids general supervision. 
The psychological effect of a well-lit 
shop or office (Figs. 78 and 74) is 
considerable ; it impresses all con- 
cerned — even potential customers — 
with a sense of orderliness and 
efficiency. 



CHAPTER VII 

MACHINE TOOLS 


Deflnitioii 

A MACHINE tool is a combination of 
the “mechanical powers,” these con- 
sisting of the lever, the wheel and axle, 
the pulley, the inclined plane, the 
wedge, and the screw — the elementary 
contrivances of which all machines are 
composed. A machine tool may be 
hand or power operated, portable, semi- 
portable, or fixed. It is not, as some 
may imagine, a cutting tool, or other 
small tool, used in conjunction with a 
machine — it is the machine itself. 

Function of Blacliine Tools 

Machine tools arc the foundation of 
all industrial produetion, inasmuch as 
they are the means by which all the 
machinery in industry is manufac- 
tured. They may be required either 
for the manufacture of tools, equip- 
ment, and machines, which in turn are 
required for the manufacture of useful 
products, or they may be required 
directly for the manufacture of useful 
products. The function of the machine 
tool is to change the shape of some 
material according to a predetermined 
plan, and this will be done either by 
removing a portion of it or by de- 
forming it. The material on which it is 
desired to operate will be located in the 
required position in the machine tool, 
in some cases rigidly and in others by 
hand. Cutting or de-forming tools 
attached to the machine will then 
operate on the material. During this 


operation the work may be stationary 
whilst the tool moves, it may move 
whilst the tool remains stationary, or 
sometimes the tool and the work may 
move relatively. Frequently a machine 
tool will be requin^d to operate on 
several pieces of material simultane- 
ously, and it may also be required to 
perform multiple operations. 

The present age may well be called 
the machine age, because countless 
and diverse operations hitherto con- 
sidered to be inseparably associated 
with hand operation are continually 
being transferred to machine tools, 
with a consequent reduction in labour 
cost. But that is not all. In a further 
endeavour to cheapen production 
costs, machine tool manufacturers pay 
close attention to a speedier output 
for a given type of machine, simplify 
the machine to permit of a lower rated 
operator, or else make it automatic in 
its action, thus allowing one operator 
to look after several machines. 

Design 

The progress w^hich is made in 
machine tool design, in common with 
most branches of engineering, is very 
rapid. It is indeed so rapid that 
machine tool makers have no sooner 
designed and built their machines, put 
them through their tests, and placed 
them on the market — with a feeling 
no doubt of justifiable pride and satis- 
faction — ^than some new development 


91 



92 


WORKS OR(JANlZATTOX AND MANAGEMENT 


in the ingenuity of the pattern, or in 
the needs of the customer, requires 
that changes and modifications be 
made. In spite of this ever-present 
uncertainty, there can be few branches 
of engineering which offer greater 
attraction to the mechanical engineer. 

Plain bush bearings have been 
superseded by precision type ball and 
roller bearings, not only for subsidiary 
shafts, but also for main spindles. 
Gearing, too, has undergone a series of 
step by step improvements, and to-day 
all gears of the best quality are hard- 
ened and ground or lapped to secure 
quiet running and freedom from dis- 
tortion, wear, and breakage. The use 
of multi-splined shafts is general. 
Problems of inertia and momentum in 
starting and stopping at constantly 
increasing speeds have had to be faced, 
and the need for very accurate balance 
to avoid vibriltion, the enemy of the 
high-speed cutting tool, has made 
itself felt. The fitting of brakes for 
bringing spindles quickly to rest is also 
a necessity. 

The design of beds and slides is of 
interest. There is the flat bed with 
square or dovetailed guides, and the V 
or inverted V form of guide, whilst 
some designs actually have one flat 
guide and the other the inverted V 
guide. Each type has its merits but 
the dovetailed slide has much to com- 
mend it, especially in such machines as 
planing machines, as in the event of the 
electrical reverse equipment suddenly 
failing the moving table will be pre- 
vented from overbalancing. The 
inverted V slide prevents any accumu- 
lation of dirt or cuttings. To reduce 
the wear of sliding surfaces to the 


minimum, the importance of providing 
covers to exclude cuttings, dust, and 
cutting fluid from the guiding surfaces 
will be fully recognized. 

The reduction of ''idle” time must 
always be given prior consideration, 
investigation showing that there is a 
likelihood of the machine standing for 
a considerable portion of its available 
working time. Ease of control must be 
carefully studied, and speed and feed 
changes controlled by dials or indexed 
levers, while quick power motions to 
heavy slides will greatly reduce fatigue 
and save time. The incorporation of 
pneumatic and electrically operated 
chucks for gripping the work speedily 
is desirable, whilst automatic lubrica- 
tion should be regarded as a necessity 
on headstoeks and gearboxes. The 
hydraulic control of machine move- 
ments is particularly suitable for 
grinding, shaping, and broaching 
machines. 

Independent electric driving of 
machine tools is generally preferred. 
Some designers favour flanged motors 
built into the machines, others prefer 
texrope and silent chain drives. Feed 
motions and quick return motions are 
in many instances fitted with indivi- 
dual motors, and often without 
appreciable increase in cost, as many 
mechanical elements are thus avoided. 

Variable Speed Pulley Drives 

The extensive use of these calls for 
an explanation of the principles under 
which they operate. Variable speed 
pulley drives employ the principle of 
expanding and contracting cones form- 
ing a V-groove pulley of infinitely 
variable pitch diameters which, in 
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conjunction with a special adjustable 
motor base, enables driving speeds to 
be increased or reduced at will to the 
limits of the maximum and minimum 
pitch diameters of the pulley used, and 
at the same time keeping the V-ropes 
in the same centre line. With the 
motor at the nearest position to the 
driven shaft, the V-groove 
pulley assumes its largest 
pitch diameter, thus driv- 
ing at the highest speed. 

At extreme centres, how- 
ever, the V-groove pulley 
is opened out and the 
V-rope drives from the 
smallest pitch diameter, 
consequently at the lowest 
speed. 

With the automatic type 
variable speed pulley (Fig. 

75), speeds are automati- 
cally increased or reduced 
by rotating the handwheel 
on the sliding base; an alternative 
design called the stationary type 
eliminates the spring and utilizes a 
screwed collar which locks the cones 
in any required position. With the 
automatic type, speed adjustment is 
made whilst the machine is running, 
but with the stationary type the 
machine must be stopped before 
adjustment can be made. 

Owing to the positioning of the 
slides, variable speed pulley drives 
arc arranged for either right- or left- 
hand assembly; each complete drive 
can be converted on site from right- 
hand to left-hand assembly, or vice 
versa as required. 

Any make and type of motor can be 
utilized with these drives, bases being 


standardized to take various sizes of 
motors. 

Influence of Cutting Tools 

At the beginning of the twentieth 
century the best available material for 
cutting tools was carbon steel, and in 
those days the average speeds for 


machining cast iron and steel were 
25 ft. per minute. The introduction of 
high-speed steel in 190G caused a 
revolution in design, for cutting speeds 
of 80 ft. j)cr minute became possible 
and existing machines were overtaken. 
Some twenty years later tungsten 
carbide, molybdenum titanium, and 
other combinations in which new 
metals were employed were intro- 
duced and again raised cutting speeds 
by successive stages to 200 ft., 400 ft., 
and now to 1000 ft. per minute. 

It has been ascertained that the 
horse-power consumed by most types 
of machine tools increases in direct 
proportion to the cutting speed, and 
the greater power required to do 
justice to the constantly increasing 
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efficiency of cutting tools has led to 
the introduction of the single pulley 
drive, enabling the full power of the 
belt to be used at all speeds. The 
power of a machine tool required to-day 
may be as much as six times that 
required in the days of carbon steel. 
The use (if high-speed cutting alloy 
tools demands not only higher speeds 
and greater power, but increased 



Fig. 76 . Block Plan to depict 
Ma(’hine Tool Layout 


rigidity as well. Hence the great 
increase in weight and stiffness of 
design of machine tools. 

Layout 

Reference was made in Chapter III 
to the two alternatives in the layout 
of machine tools, i.e. the group 
system and the production unit sys- 
tem. In the first, machines of a similar 
type are grouped together, e.g. the 
lathes are all placed together in one 
part of the shop, milling machines in 
another, and drilling machines in 
another. In the second system the 
machines which are necessary to deal 
with a component which is continually 
being manufactured are grouped to- 
gether regardless of type, thus ensur- 
ing a flow of work in one direction 


only, and a minimum of transport. In 
some cases it will be advantageous to 
have a number of machines arranged 
on the production unit system and 
others on the group system. For every 
shop a block plan showing the base of 
each machine and other fixed equip- 
ment, and their registered numbers, 
drawn up on the lines of Fig. 76, 
should be arranged in large-size folio 
form and kept up to date. The letters 
shown will denote the types of 
machine, e.g. automatic, milling, 
planing, slotting, etc. 

Independent Drive 

There is little to commend the 
original form of machine battery 
drive, which utilizes only one motor 
and a line of shafting, other than that 
it requires a motor of considerably 
less horse-power than the total horse- 
power of the several individual motors. 
On the other hand it has many dis- 
advantages. If the motor breaks 
down it puts a whole range of 
machines out of action, or if for any 
reason only one or two machines are 
required to work, the electrical energy 
expended remains constant just as 
though all the machines were working. 
Again, as overhead shafting is in an 
out-of-the-way position it may not get 
the attention it warrants, and under 
such conditions much of the energy 
will be wasted. Furthermore, the 
natural light which is absorbed by 
overhead shafting and its attendant 
belting can only be fully appreciated 
in those machine shops where the 
shafting has been removed, the im- 
provement thus being made very 
noticeable. 
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One matter which calls for careful 
consideration is the question of ade- 
quate arrangements for disposing 
of cuttings and swarf which the 
high-speed machine produces at an 
alarming rate. Machine tool manu- 
facturers do not always pay sufficient 
attention to this problem. 

Cioolants 

There must be an adequate sup- 
ply of the proper kind of coolant 
suitable for the particular process. Its 
functions will be — 

(1) To keep the tool cool, thus 
increasing the tool life and the periods 
between grinding. 

(2) To enable work to be turned out 
with good surface and finish, and 
conformity to precision limits. 

(3) To protect the work from 
corrosion. 


(4) To reduce the power required. 

(5) To permit increased cutting 
speeds. 

(6) To remove swarf. 

If the coolant is to perform these 
functions efficiently it is essential that 
a scientifically prepared cutting fluid 
should be used. 

Examples of Modem Machines 

A number of machine tools of recent 
design are illustrated and their salient 
points briefly mentioned. The idea 
underlying their melusion is to give 
the reader some indication of the 
special features of representative types 
of modern machines. 

Sem i^automatic Patter ti Milling 
Machine. In general principle this 
machine (Fig. 77) consists essentially 
of a table ha\mg eonibmcd move- 
ments, above which an adjustable 
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cutter spindle is carried on a f)owerful 
overhanging arm. A rising and falling 
motion is provided to the arm which is 
operated both by power motion from 
a built-in motor, and by handwheel. 
The spindle head swivels between the 
horizontal and vertical, and the spindle 



Fio. 78 8T\vi)AHn Lqt ipmj nt fok 
Semi-auiomatk Pattern Milling 
Machine 

has also a movement at right angles 
to the arm both by hand and micro- 
meter screw to enable the cutters to be 
fed into the work. The spindle is 
mounted on heavy ball bearings and 
is driven by spiral gears with ground 
teeth, which are totally enclosed and 
run ill grease. A feature of this drive 
is that it allows the spindle to be 
dropped below the level of the arm to 


enter a corebox with its axis parallel 
to the face of the work. A further 
advantage is that the spindle can be 
adjusted to any angular position, 
which saves re-setting the work and 
materially increases the application of 
the cutters. Not the least desirable 
feature of the drive is that the cutters 
arc carried close up to the spindle bear- 
ings, which not only ensures steady 
running and consequently cleaner and 
more accurate cutting, but eliminates 
the need for long boring bars. 

Power is taken from a ball bearing 
shaft within the arm, the roar end of 
the shaft being driven by a four-speed 
motor mounted directly on the shaft. 
Alternative spe(‘ds are therefore made 
available for any class of work and 
the spindle is reversible at each speed. 
The motors for both the main spindle 
and the rise and fall of the arm are 
controlled by a single lever on a 
control station n^ounted on the end 
of the arm. Starting, reversing, and 
stopping, also the rise and fall for 
the arm, are all obtained by the one 
lever. Speed change is obtained by 
selector switch mounted together with 
main contactor panel, which is housed 
m the main column of the machine. 
All other movements of the machine 
are mechanically controlled and the 
flexibility of movement obtained 
allows the machine to operate con- 
veniently and with aceuraey on either 
geometrie or irregular patterns or 
coreboxes. Index scales and auto- 
matic stop devices are embodied on 
practically all movements, making 
the machine simple to operate and 
easy to manip\ilate by the average 
pattern-maker. 
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Although to a very large extent the and accurately set. The horizontal 
nicchanical movements of the machine slides are of V formation with ample 
govern its efficiency, its capacity on adjustment for wear, 
both pattern and corebox work is The burners are of a patent remote 
undoubtedly largely attributable to control type with Bowden operation 
the comprehensive range of tools, tool of heating and cutting oxygen valves, 
holders, and attachments which form A unit control is provided giving 
the standard equipment. 

These are shown in Fig. 78. 

It is sound policy to obtain 
a complete range of tools 
whenever a machine is 
purchased. 

Multi‘burner Oxy-acety^ 
lene Cutting Machine. The 
multi -burner cutting 
machine illustrated in Fig. 

79 is capable of making 
six cuts simultaneously. 

The machine, which has 
a cutting area for each 
burner of 80 in. X 10 in., 
has a built-up frame 
consisting of a bedplate 
with two work supports Fio. 79 . MiTLTi-BntNKK Oxy-acktvlknk (’uttino Machine 
attached. The bedplate 

carries two pedestals on which are simultaneous operations for all burn- 
mounted two pairs of coupled hinged ers. The control has three positions, 
frames. The frames are coupled not i.e. off, heating, and cutting, 
only at the front extremities and the The oxygen is supplied to the 
centre joints, but also adjacent to the burners through a six-way distribution 
back pivots at the extremities of a manifold, and each burner hose can be 
second pair of extended arms. By instantly uncoupled from a self-closing 
this method of suspension short link coupling. The combustible gas is fed 
frames can be used, and consequently a through a six-way tank distributor and 
minimum of ground space is required, each outlet is provided with a gas cock. 

The front coupling bar carries the The right-hand extremity of the 
six cutting burners mounted so that front coupling bar carries an electric- 
each burner can be independently ally driven universal tracer head with 
adjusted, vertically, longitudinally or starting, stopping, and reversing 
transversely. These adjustments are switches and oxygen control lever, 
by rack-and-pinion and lead screw. With the universal electric tracer the 
so that each burner can be quickly machine can be operated from a 
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drawing or blue print, from a wooden 
or soft metal templet cut to exact size, 
or automatically from a channel or 
strip aluminium templet. In addition 
straight lines and circles are cut auto- 
matically. The drawing or templet 
table is mounted on a bracket attached 
to one of the work supports and is 
arranged to turn over. One side is of 
aluminium for drawings, and the 


and two reverse speeds are obtainable 
without the necessity of moving gears. 
The three speed groups are suitable 
for a wide range of work, the low set 
covering steel or cast-iron work, the 
medium set such work as may be 
called for on gun-metal castings, and 
the high range for small bar work or 
high-speed drilling in aluminium and 
allied materials. The required range is 
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other of wood for templet-fixing. A 
swinging tube support is provided to 
carry the oxygen tubes, gas tubes, and 
electric cable, and prevents the possi- 
bility of these fouling the framework 
of the machine. 

Capstan Lathe, This lathe (Fig. 80 ) 
is a single-pulley or individually motor- 
driven high-speed machine, equally 
suitable for either chuck work or 
production from bars up to in. 
diameter. 

The headstock is of a type allowing 
fast speed-changing through friction 
clutches which run in oil. Six spindle 
speeds in each direction are instantly 
available, these speeds being arranged 
in three groups so that two forward 


obtained by the partial rotation of a 
lever on the front of the headstock 
which operates sliding gears. 

A patented automatic brake motion 
is incorporated with both clutch oper- 
ating levers. This brake is of the inter- 
nal expanding type, both segments 
being lined with bonded asbestos, and 
is automatically cam operated, so that 
from any speed the spindle is brought 
to rest almost instantaneously by the 
simple action of moving either clutch 
lever to its central position. The 
action of reversing the spindle also 
applies the brake automatically, and 
thus relieves the reverse clutches of all 
strain. The spindle is mounted on 
combined ball journal and thrust 
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bearings together with heavy duty 
roller bearings, and all rotating parts 
of the headstock are also carried on 
ball or roller journals. Automatic 
pump lubrication is provided to all 
bearings including the spindle, and to 
all gears. The sliding saddle and cross 
slide are of rigid construction, and 
both motions are obtained by hand- 
wheels. The longitudinal motion is 
through rack and 
pinion, and five 
stops are provided 
which can be used 
in either direction. 

The cross slide is 
actuated through a 
s(ju are thread screw 
and nut, and dead 
stoj)s are provided 
in each direction. 

An indicator dial 
of large diameter 
is also fitted. 

The capstan rest 
can be clamped to 
th(' bed in any 
desired position. The slide has wide 
and accurately litted bearings and is 
provided with adjustable taper strips 
to take up wear. The slide is actuated 
by a star wheel through a pinion and 
tack. The normal stroke of the top 
slide when using the automatic revolve 
motion is 10 in. by rack and star 
handle, but if the turret is rotated by 
hand a useful stroke of 13 in. is obtain- 
able. The automatic feed to the 
capstan slide has six rates, three of the 
changes being provided by the rotary 
motion of a lever on a small gearbox 
at the left-hand end of the bed, these 
being doubled by a “push-pull” 


arrangement situated on the apron for 
the capstan rest. The normal range of 
these feeds is from GO to 400 spindle 
revolutions per inch of traverse. The 
feed can be engaged and disengaged by 
hand as recpiired, and stops are pro- 
vided on the capstan slide which 
automatically disengage the feed when 
the predetermined slide movement is 
completed. 


Combination Turrvi Lathe {Medium 
Size), This lathe (Fig. 81) has been 
designed to meet the demand for a 
rigid, high-speed machine allowing the 
maximum use of tungsten carbide 
cutting tools. The single-pulley all- 
geared headstock is a powerful unit, 
with the spindle mounted on roller 
journal and combined journal and ball 
thrust bearings of large diameter. 
Eight spindle speeds are obtainable in 
either direction. The speed of the 
driving pulley can be altered to give 
different speed ranges. All speed 
changes are obtainable by sliding 
gears mounted on solid six-spline 
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shafts. Gear changes cannot be made 
until the driving clutch is disengaged 
and, as every lever withdraws the 
clutch and applies a brake before the 
gears can be moved, speed changes are 
effected under “no-load” conditions. 
The spindle and all gears and shafts 
are lubricated automatically by means 
of a pump, and as the lower gears 
revolve in oil, both positive and splash 
lubrication arc obtained irrespective 
of spindle speed. Sight dials are pro- 
vided to check the oil level and the 
pump outlet. 

The overhead pilot bar is bridged 
across the headstock, and is clamped 
at both ends. The spindle is ground 
all over its external diameters, the 
flanged nose being 7*500 in. plus 0*000 
to minus 0*0002 in. in diameter to 
which chucks and faceplates are di- 
rectly attached by studs. The saddle 
has automatic sliding, surfacing, and 
screw-cutting motions. The sliding 
and surfacing feeds are operated by 
the same lever, and it is impossible 
to engage both simultaneously as 
opposite motions of the lever are 
required. The cross slide is of high 
tensile steel, with a square turret 
giving four tool positions, and an ad- 
justable two-way rear toolpost. Eight 
stop positions are provided for the 
surfacing feeds (four in each direction) 
and six stops, mounted on a shaft 
which can be rotated, provide for 
tripping the longitudinal motions of 
the saddle. The cross slide screw is 
fitted with a large micrometer dial and 
the handwheel for the sliding motion 
carries an accurate indicator of large 
diameter. A swinging cover protects 
the cross slide from dirt and swarf. 


The gearbox is driven from the end 
of the spindle by a train of wheels 
enclosed within the bed, and provides 
motion to two independent feed shafts 
and the leader screw. Variations in 
speed are obtainable through the 
levers at the left-hand end, which 
operate sliding spline shafts through 
gears and thus provide three changes 
to the lead screw, ten changes to the 
sliding and surfacing feed shaft, and 
five changes to the turret feed shaft. 
A convenient change on the turret 
saddle increases the gearbox changes 
so that ten feeds to all motions can be 
obtained. The screw-cutting motion 
is applied to the saddle and is obtained 
by means of a detachable leader screw 
and nut, the leader being driven from 
the gearbox, which allows the rotation 
to be altered as required in the ratio 
of equals, 2 or 4 to 1 with the spindle. 
By this means it is possible to cut three 
different pitches with each leader. The 
turret saddle is of rigid construction 
and slides directly upon the bed, giving 
a longitudinal travel of 34 in. There 
are ten rates of automatic feed, a 
lever on the saddle itself actuating an 
auxiliary gearbox in the apron which 
gives two feeds in a ratio of approxi- 
mately five to one and doubles the 
five feeds obtainable through the main 
gearbox. 

The bed is a semi-steel casting with 
a nickel chrome content which gives 
a hard, close-grained wearing surface. 
The bed covers are made from heavy 
channel sections of stainless steel and 
are fixed to the bed, cored passages 
of similar shape being provided 
through each saddle so that both 
may be moved quite freely without 




Fig 82 Foindation Plan for Combination Turret Lathe 
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ititcrfcrence from the covers. Auto- 
matic lubrication of the moving parts 
IS s(‘eur(^(l by the use of four plunder 
piinipN, one each in tlie headstoek, 
teed gearbox, intermediate saddle 
apron, and turret saddle^ apron. 

Fi^ 8‘2 shows the foundation plan 
iur this machine, such a plan usually 
being nec(‘ssar\ when any new ma- 
chine is installed. It is customary 


efficiency is obtained at the cutting 
point. The spindle has a flanged nosi*^ 
1C in. in diameter to which chucks are 
directly attached, thus reducing over- 
hang to a minimum. The saddle has 
automatic sliding, surfacing, and 
screw-cutting motions. The sliding 
and surfacing feeds arc operated by 
the same lever and, as with the pre- 
vious machine, it is impossible to 



Fig 84 Comuination Ti riift Lathi: (Lahoe Size) 


lor 1h(‘ inanufaelurer to pro\jde om*. 
Fig. 88 IS the capacity chart for the 
same machine. A chait ol this type is 
m\aluable in eoinieetion with pro- 
duction planning and one should be 
pri'pan d for ever> machine installed. 

Combination Tat id Lathe {Large 
Siz<). This jiowerful lathe (Fig. 81) 
has l)C(*Ti di'signrd with a vie^\ to the 
ri‘(pnrernents of both the high speed 
and heavy cutting w^hich tungsten 
carbide and modcTii alloy tools will 
allow. The single-pulley all-geared 
headstoek gives sixteen speeds in each 
direction, and as all gear shafts and 
spindles are mounted on ball and roller 
bearings an extremely high factor of 


engage both simultaneously due to 
opposite motions of the lever being 
r( (pared. 

Rajiid power traverse motions are 
(itt(‘d for the* cross-slide and longi- 
tudinal movements of the saddle. 
Automatic lubrication by pump is 
provided to all moving parts of the 
saddle* and apron, including the saddle 
bearing on the lathe bed. The cross 
slide is of high-tensile steel and a 
square turre t and rear toolpost are 
supplied as part of the standard 
eejuipment. 

Eight stop positions are provided 
for th(‘ surfacing feeds (four in each 
direction) and six stops mounted on 
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a rotary shaft provide for tripping 
%he longitudinal motions of tlie saddle. 
The chasing saddl(‘ apron forms a 
gearbox tlirough which sixteen changes 
of feed to the saddle are provid(‘d. 
With the thre(‘ elianges obtainable 
from the gearbox, three groups of 
sixteen changes a^(* available to tlu' 
sliding and surfacing motions, i.e. 


equals, 2 or 4 to 1. By this means 
It IS possible to cut three different 
pitches with each leader. For instance 
with a four-thread screw, cither four, 
eight or sixteen threads per inch can 
be cut, whilst the direction of rotation 
of the lead screw can be instantane- 
ously reversed by means of a lever on 
the gearbox, so that both right- and 
left-hand threads can 



be produced with any 
leader. 

Quick power tra- 
V erse in both directions 
is (itt(‘d to the inter- 
mediate saddle and 
cross slide. These 
movements allow the 
cutting tools carried 
by these units to be 
brought quickly and 
easily into close prox- 
imity to the compo- 
nent in the chuck. 
The turret saddle is 


Fig. S.") I)i PLEX V^rtk’al Bofung and Tilkning Mills 


of rigid construction 
and slides directly on 


forty-(‘ight rates of leed in each 
direction. The feed gearbox is driven 
by a train of wheels (enclosed wdthin 
the bed) from the end of the spindle, 
and provides motion to a feed shaft 
and the leader screw. A reversing 
motion is fitted so that right- and left- 
hand screws can be cut from the 
leader. 

Screw-cutting motion is applied to 
the saddle and is obtained by means 
of a detachable leader screw and nut, 
the leader being driven from the gear- 
box, which allows the rotation to be 
altered as required in the ratio of 


the bed. The bed, 
the width of which is 26 in., is a 
semi-steel casting with a nickel chrome 
content which gives a hard, close- 
grained wearing surface. A flat top 
automaticaljy lubricated from each 
saddle provides a rigid bearing, and 
cross ribs of the semi-lattice girder 
type contribute to an immensely 
strong construction, with provision 
for swarf clearance through triangular 
holes of large dimensions. A large 
tray is provided for cuttings and 
coolant. The narrow guide principle 
eliminates the tendency to cross-wind 
and ensures ease of hand movement. 
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Duplex Vertical Boring and Turning 
Mills, All controls on this machine 
(Fig. 85) are centralized within easy 
reach of the operator when in the 
working position. The actual number 
of control levers has been reduced to 
a minimum, a special feature in this 
connection being the “ joy-stiek” con- 
trol to the rapid power traverse. Tlu' 
turret slide is balanced by counter- 
weight and can be swivelled for taper 
l)oriiig and turning, the swivel slide 
being fitted witli accurate indexing 
meeliaiiism. Automatic feeds are 
provided in the vertical, horizontal, 
and angular directions, and these can 
be changed or reversed instantly. 
Setting blocks are provided for 
locating the turret central with the 
table. This feature in no way inter- 
feres with the traverse of the turret 
when required to go beyond the 
centre. The turret is a nickel chrome 
easting having six faces bored ^to 
receive bars and, when required, 
drilled and tapped to take the tool- 
holders. It is a substantial unit and 
is released, rotated, indexed, and re- 
loeked by a single lever. 

The table is of the four-jaw inde- 
pendent or three-jaw self-centring and 
ind(‘pendcnt chuck type. The left- 
liand table on the duplex machine is 
provided with reversing motion when 
required. The table is driven by large- 
diameter steel spur gear and double- 
housed pinion. This form of drivi* 
obviates any tendency of the taJile 
lilting when taking heavy cuts. The 
gearbox incorporates a multi-disc 
clutch, and the transmission therefrom 
is through bevel wheels to sliding gears 
and on to further bevels to the table 


pinion. All gears are of chrome nickel 
steel, heat-treated and ground. All 
speed changes are made through slid- 
ing gears, completely eliminating dog 
clutches. Ball or roller bearings are 
titted throughout the transmission. 

Inspection covers arc fitted for 
eonvenience in adjusting the clutch 
and for general examination jiurposes. 
Tw(dve speeds are provided to tlu* 
table, raiiging from 0 to 320 r.]».m., 
the higher speeds (‘nabling full advan- 
tage to b(‘ taken carbide cutting 
tools. Sp(‘ed changes are made through 
two levers on tlu^ front of the base, 
and starting and stopping are effeet(‘d 
by a lever a I j i(*(‘nt to the speed change' 
levers, the latter also operating an 
effective brake'. The gearing is inte'r- 
loekeel, anel changes e*anne)t be maele' 
until the* c‘lute*h is disengage'el. Eight 
rates e)f fceel are* pre)vieleel ve'rtically, 
hewizoutally, anel angularly, ranging 
from ()•()()() in. to iru The* ft'e'el 

box containing the* slieling fe'cel gears 
alse) he)uscs the* frie*tie)n elutclu's fe)r 
the rapiel pe>wer me)tion. The high- 
spe'cei shafts run in roller or ball 
Ix'arings. 

Ra])iel ])e)we'r traverse is e)btainable‘ 
in all elire*e*tie)ns, the* fe'e'el be-ing aute)- 
matic'ally elise'iigage'el be'fe)re the rajiiel 
traverse e*an be* engage'el. ‘Me)y-stick ” 
contre)! is pre)viele'el to the rapiel pe)wer 
traverse* me)tie)n })y means e)f whiedi 
the directiem of me)ve*me‘nt e)f the slide 
e*e)rrespe)nels with that e)f the* lever. 
Fine hanel adjustnu'nt is manipulate'd 
threaigh hanel whe'e*ls, anel inelex elials 
enable adjustments e)f O-OOl in. te) be* 
maele. The* slieles are of the narre)w 
guiele* type. Autemiatic lubricatie)n is 
supplied te) the main bearings anel 
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driving gears, and bath lubrication is 
supplied to feed and rapid travcTse 
boxes. 

• Radial Drilling Machine. This 
machine (Fig. 86) will drill holes up to 
2 in. diameter. The swing of the arm 
describes a eirele of 12 ft. diameter. 
The spindle slide is of compact form 
mounted on the arm, upon which it 




c 



Fi«. Sfi Hadiai T)|{iiiin(. Mxchini 

has rapid hand traverse on roll(‘rs, 
through handwheel, pinion, and steel 
chain, th(‘ latter having adjustment to 
maintain correct temsion. The correct 
weight distribution and the mounting 
of the motor, in conjunction with the 
disposition of the arm ways, assist in 
this facility of movement. Locking of 
the spindle slide on the arm and lock- 
ing of the arm on the pillar are both 
effected by one lever. Operating 
motions are centralized on the spindle 
slide and therefore speed and feed 
changes, stopping, starting, and re- 
versing of spindle, raising and lower- 


ing arm, moving and locking spindle 
slides can be effected without the 
operator leaving his working position. 

The j)illar or column for carrying 
the arm is of strong cylindrical section, 
and is accurately ground on the bear- 
ing })ortion upon which the arm is 
litt(*d and moves. The arm carrying 
the spindl(‘ slide is of a v(Ty strong 
se(‘tion, well ribbed and braced, to 
ensure maximum resistance against 
lifting and twisting stresses. It has 
well-extended bearings upon the large- 
diameter ])illar ^\hich, with the special 
arrangement of rollers, ensures easy 
radial movement. The arm-elevating 
motion is obtained from an indepen- 
dent motor carrying worm reduction 
gear running in an oil bath, mounted 
as a (‘omplete unit at the top of the 
pillar. The arm and spindl(‘ slide are 
locked by the ojieration of a single 
lever. 

Hv the operation of an independent 
lever conveniently placed on the 
pillar portion of the arm, the latter can 
be locked against radial adjustment 
only, leaving it free for elevating and 
lowering without loss of position 
radially. By bringing the drill into 
contact with the work by means of the 
quick hand traverse, and exerting a 
slight pressure on the handwheel 
operating this traverse at the moment 
of contact, the self-acting feed is auto- 
matically engaged. A range of twelve 
speeds, varying between 70 and 2000 
r.p.m., is obtainable by the movement 
of a lever in a convenient position on 
the spindle slide, operating through 
sliding gears of high-grade alloy steel 
with ground teeth, and mounted upon 
short solid splined shafts running in 
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ball bearings. The final drive on to 
the spindle is through worm gear. Six 
rates of spindle feed are available, 
obtained by a movement of one lever. 

The feed change gear is housed in 
t lie same box as the speed eliangc gear- 
ing, and the whole of the gears are 
arranged to run in an oil bath. A 
patent device provides for the ai)pear- 
aiice of speed and feed readings at one 
central position. To seh'ct the correct 
speed and feed the operator moves 
the speed 'Change lever until the size of 
hole to be drilled is indicated against 
the division showing the material 
which is being used. The feed lever is 
then moved until the appropriate feed 
is shown through the aperture, when 
the following details will be shown by 
the indicator — 

(1) Size of drill in use. 

(2) Drill feed in cuts per inch 

(3) Speed of drill in r.p.in. 

(t) Class of material being drilled. 

(5) Cutting speed of drill. 

A sensitive lever f<H*d is incorporated 
which enables the spindle to be fed 
down by hand to the limit of its 
traverse. The spindle is of solid six- 
splined form in the driving part. It is 
accurately ground (including the 
splines and internal Morse taper) and 
IS of special high-grade alloy steel, 
heat-treated, with the nose treated to 
a high Brinell hardness to ensure 
durability and maintenance of accur- 
acy under the constant insertion and 
removing of drills and sockets. The 
linal drive to the spindle is through 
worm gearing which is ball bearing 
mounted and working continuously in 
an oil bath. 

The drive is by means of a standard 


horizontal foot-mounted motor of con- 
stant speed located at the back of the 
spindle slide. Th(‘ baseplate is of 
strong construction and specially 
ribbed to withstand lifting and twist- 
ing strains. The main ribs and under- 
side of the plate are return beaded at 
the bottom. Spur driving gears are 
hardened and profile ground with bores 
broached to fit spline-ground shafts, 
the latter being made from special 
quality heat-treated stt'fi. Ball bear- 
ings are provided on dl gear and driv- 
ing shafts, also on other parts of the 
machine where they can be advan- 
tageously included. Meun driving 
gears run c('Mtinuousl\ m an oil bath 
and lubriciition of .irm slideways and 
pillar bearings is effected through 
nipples to which a grease gun or oil 
gun is ap])li('d. Tlu* total w^eight of the 
machine is a little over two tons. 

Machine Tool Record Cards 

A universal machine capacity card 
of the type show^n in Fig. H7 should 
be ])rej)ared and kc'pt in tht‘ produc- 
tion planning oflice for every machine 
tool which is installed in the factory. 
Such a card will prove invaluable. 
AnotluT card, the machinery and plant 
record card (Fig. 88), will require to 
be kept by the works accountant to 
enable liini to apportion correctly 
the workshop expenses for the par- 
ticular machine. 

Justification of Purchase 

Before a new machine can be pur- 
chased certain preliminary steps are of 
course necessary, and in view of the 
outstanding importance of these vari- 
ous steps it is proposed to devote the 
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Fig. 87 . Machine Capacity Card 
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remainder of this chapter to their 
explanation. At the outset it should 
be made clear that the mere fact of a 


further service. As in all problems 
associated with engineering and in- 
dustry geiverally, it is entirely a 
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Fig. 88. Machinery and Plant Record Card 


new design of machine tool coming on question of £ s. d. It must be ascer- 
to the market is not in itself sufficient tained whether the installation of the 
justification for displacing a similar new" machine will show a satisfactory 
but older type which is capable of monetary saving on the present cost of 
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production. The only way to prove 
this is for the plant and machinery 
assistant to prepare a finaneial state- 
ment showing the existing and the 
proposed conditions. 

For example, assume that in a 
certain machine shop there are four 
old planing macliines operated full- 
time by four machinists, two of whom 
are rated at 40s. and the otluT two at 
42s., but all earning an average* of 
35 per cent bonus per 47-hour week. 
The practical knowledge and experi- 
ence of the plant and maehinery 
assistant will reveal that the perform- 
ance of a modern planing machine, 
with an operator rated at 42s., will 
give an output at least equal to two 
of the old machines. Hence he will 
prepare and send out to one or more 
of the leading machine tool makers 
who have specialized in planing 
machines, an inquiry inviting them to 
tender for tw^o new machines which will 
take the place of th(* four machines 
already installed. This inquiry may 
read as follows- - 


:^rd .Inly, 1940 

Dear Sirs, 

Two Tandeiri Table I’laniris Machines 

We contemplate purchaHiii^ two tandem 
table planing machines in accordance with 
the speciflcatiuii given below. Our (Condi- 
tions of Contract are sent herewith, and 
we shall be obliged if you will kindly submit 
your quotation so as to arrive not later than 
26th July. 

TWO— High-speed Electrically Driven 
Planing Machines, with spiral drive 
table, electrical feed motion and 
solenoid operating lifting tool 
boxes. Two tool boxers on <*ros8 
rail and one on each upright. The 
machines to be fitted with tandem 
work tables, each table to be 8 ft. 
long. Width between housings to 
be 3 ft. Height under cross rail to 


be 3 ft. Primary drive motor and 
starter to be suitable for 440 Volts, 
3-phase, 50 cycles. 

We also send herewith questionnaire 
forms and specification for the A.C. and D.C. 
equipment, which sliould be completed and 
returned wit h your quotation. 

A general arrangement drawing, together 
with a detailed specification, should accom- 
pany your quotation. 

Your price should include delivery charges 
to the above address. 

Jfiease state the source of origin of mate- 
rials, together with the best delivery date 
you can offer. 

Yours faithfully. 

For Turnbull, Winfield & Co., Ltd. 

(Signed) S. M. Bates 


The plant and maehinery assistant 
will compare and contrast tlu* various 
replies received and will tentatively 
dt'cide from which firm he proposes to 
make the jiurehase. This will enable 
him to draw up a financial statement 
on the lines indicated in Fig. 89, a 
brief explanation of which is given 
below. 

Column A, These amounts must 
show the labour costs under the present 
eonditijiis and the proposed con- 
ditions. Piecework prices, in conjunc- 
tion with quantities anticipated, can 
often be used in place of annual 
earnings. 

Column B. The amounts to be 
shown here will be a certain per- 
centage of those included in Column A. 
The actual percentage figure to be 
used will be furnished by the works 
accountant. (Generally it should be 
revised annually, as it should be based 
on the actual compensation paid in a 
year plus the firm’s portion of the 
National Insurance over the same 
period. 






rrtrtrlomi planing rnacliinef, and install t’WO 

modern planing mat hints whieli will give tho same output 
{makera guarantee) and will require <,nl> twt> operators 
instead of-tour^ 

PariicuUtra of Plant to be Displaced by the Introduction of New Equipment ^ 






Cost 

Estimated 

of 

Description 

Maker 


when 

Present-day 

Mac hine 




New 

Cost 





£ 

£ 

36 

6 -it. Planing Machine 

Strutt 

1914 

200 

600 

37 

0-it. Planing Machine 

Green 

1916 

205 

600 

84 

12-ft. Planing Machine 

Daykin 

1920 

330 

740 

88 

12-ft. Planing Machine 

Hunt 

1924 

346 

740 


Present-day Cost 




2680 


Present-day Cost of Fixing 




80 


Estimated Cost of Removing 



20 


Gross Totai- 




2780 


I-ess Estimated Residual Value of Plant 



80 


Totai- Net Cost (G) . 




2760 


Particulars of Plant to be Purchased — 

Description : Tw o Planing Machines. 

Maker: May & Company. £ 

Cost of Plant ......... 3400 

Cost of Electrical Equipment ...... 126 

Cost of Fixing New Plant ....... 100 

Gross Totai. (H) ........ 8026 

Less Estimated Residual Value ...... 26 

Totai- Net Cost (J) ........ 3600 


Labour Costa 


Present Conditions 


Proposed Conditions 


Anticipated 

Saving 


Two Metal Machinists rated at iOs. 

per 47 -hour week. 

Plus 36 per cent premium bonus. 
Plus 16 b. cost-of-living bonus. 

X 60 weeks = £345 

Two Metal Machinists rated at 42 b. 

per 47-hour week. 

Plus 36 per cent premium bonus. 
Plus 168. cost-of-living bonus 
X 60 weeks — £358 


£ 


846 


Two Metal Machinists rated at 42 b. 

per 47-hour week. 

Plus 86 per cent premium bonus. 
Plus 168. cost-of-living bonus. 

X 60 weeks «= £368 


Operating Costs 



Wagen 1 
Cost 
per 1 

annum j 

Workraen’a 
Compensation 
and National 
Insurance at 

6 per cent of 
tVagc- Cost 

Interest 
on Items 
(G) and (H) 
at 4 per cent 
per annum 

Repairs at 

8 per cent 
for (G) and 

6 per cent 
for (J) per 
annum 

Renewals at 

3 per cent of 
Itema (O) 
and ( J) 

(20 years) 

Total 

CkMt 

per asmnm 

1 

: (A) 1 

1 (B) 

(C) 

(D) 

(E) 

(F) 

1 

£ 

£ 

£ 

£ 

£ 

£ 

Present Conditions . | 

703 

42 

110 

220 

102 

1177 

Proposed Conditions . 

368 

22 

145 

180 

184 

839 

Increase 

— 

— 

35 

— 

32 

67 

(Proposed Conditions) 







Decrease . 

346 

20 

— 

40 

— 

406 

(Proposed Conditions) 











Net De 

CREASE 

388 


Decrease expressed as a Percentage of the Total Cost 338 oo t 

per annum under Present Condttions — 1177 ^ ~ 2®' * cent 

{N.B. As the decrease is in excess of 10 per cent the proposed scheme may be considered to be 
financially sound.) 

Fio. 89. FmAiTCiAXi Co2<six>rbatioms fob Pubohasb or Nbw Eqxtipmbmt 

Eaoplanaiory Notes 

In this example the calculations are based on the principle that provision is made 
for renewals at costs prevailing at the time the new equipment is purchased. 

The application of 4 per cent interest on £2750 (see Column C) must not be taKen 
literally. The result arrived at is the increased loss of potential interest-earning 
capital. Another way of explaining the figures given in Column C is sus shown below — 


. £ 

Amoimt required for renewals ........ 3^5 

Amount provided for renewi^ ........ 2760 

Actual extra ecpenditiire or kiss of interest-earning capital . . .875 

4 per cent ......... 35 - 


no 


0M641 
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Column C. In the disbursement of 
the two sums of money denoted by (G) 
and (H) the question of interest, which 
otherwise would have been obtained, 
must be taken into consideration. 
Simple interest, therefore, possibly at 
I- per cent, should be allowed. 

Column D, Provision must be made 
for repairs, and figures will be available 
based on past experience. Some firms 
will prefer to use the same percentage 
figure for both old and new equip- 
ment; others will prefer to vary the 
percentage according to the specific 
case which they have uiuhT con- 
sideration. 

'FABLE V 

S^NXJ^O KuND at 3 PISR (‘ENT 
ImoNnt to he S(t Aside Annualiy to ptovnh 
€1 at the hhaJ of a Setectod I*citn(f 


No ut 
Voarw 1 

Amount | 

No. of 

Y(N\rft 

AniouiO 




£ 

1 

1 -OOOOOO 

26 

025938 

2 

492611 

27 

02 1564 

H , 

323530 

28 

•023293 

\ ' 

•239027 

29 

022116 

5 

•188355 

30 

•021019 

() 

154598 

31 

•01 9999 

7 

•130506 

32 

•019017 

S 

•112456 

33 

•018156 


•098434 

31 

1 017322 

10 

•087231 

35 

016539 

1 i 

•078077 

1 36 

0J5804 

12 1 

•070462 

37 

015112 

13 

•064030 

38 

014159 

14 

•058526 

39 

013844 

IT) 

•053767 

40 

•013262 

16 

•049611 

41 

•012712 

17 1 

•045963 

42 

•012192 

18 ' 

•042709 

43 

•011698 

19 

•039814 

44 

•011230 

20 

•037216 

45 

•010785 

21 , 

•034872 

1 

46 

•010363 

22 

•032747 

47 

•009961 

23 

•030814 

' 48 

•009578 

24 , 

•029047 

1 49 

1 009213 

25 

•027428 

1 50 

•008866 


Column E, These amounts will be 
arrived at by referring to the Sinking 
Fund, Table V. Assuming the life of 
all the planing machines to be twenty 
years, as shown in Tabl(‘ VII, it will 
be seen that £0*037216 will become £l 
at the end of twenty years, if invested 
at 3 per cent compound interest, 
lienee in the ease of amount (G) 
the amount considered to have been 
put away annually will be 2750 X 
£0*037216 = £102. Similarly in the 
case of amount (J) the amount to be 
put away annually will be 3600 X 
£0*037216 = £134. In practice this 
latter amount will be chargeable to 

table VI 

OOMPOT Nl> TnTEHKST AT 3 PEH ( ENT 
Amount oj ptr Annum immcthateh/ aftto 
each Annual 1 Payment is Made 


No. of 

VCNUN 1 

Amount | 

No. of 

Amount 


i 


£ 

1 

1 00000 

26 

38 55304 

2 

2-03000 

27 1 

40*70963 

3 

3 09090 

28 

42-93092 

4 

4-18363 

29 

45-2 1S85 

5 

5 30914 

30 1 

47-57542 

6 

1 

6 46841 1 

31 

50-(»0268 

7 

7 66246 1 

32 

52-50276 

8 

S 89234 1 

33 

55 07784 

9 

101591 I 1 

31 

67-73018 

10 

1 1 -46388 

35 

60-46208 

11 

1 2 80780 

36 1 

63 27594 

12 

14 19203 

37 

66 17422 

13 

15-61779 

38 ' 

69 15945 

1 1 

1 17 08632 

39 

72*23423 

15 

18 59891 

40 1 

75-40126 

16 

20 16688 

1 

78-66330 

17 

21*76159 

' 42 

82-02320 

18 

23-41444 

43 

85-48389 

19 

25- 11687 

44 

890484 1 

20 

26-87037 

45 

92-71986 

21 

28-67649 

i 46 

1 96-50146 

22 

30-63678 

47 

' 100-39660 

23 

1 32-45288 

48 

104-40840 

24 

' 34-42647 

49 

108-54065 

25 

1 36-45926 

50 

112-79687 
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workshop expenses, and in the latter 
ease will involve a sum of £5 8s. 
being debited to the shop eoncerned 
every four-weekly period for eaeh of 


on this intensely interesting aspect of 
inaehinery renewals. 

Column F. The totals shown will 
enable the increased or decreased 


TABLE Vll 


Antioipatkd Lifk 

OF Machine Tools 


C’lasH of Machine 

Estimated 

Life 

Class of Machine 

Estimated 

Life 


\'ears 


Years 

Air CompresHorH (Kixod) 

2b 

Hydraulic Presses 

30 

Air CornprosMorH (Port.u))l<‘), Elec- 


Levelling Blocks 

50 

trir or Potrol . 

7 

Mobile Cranes .... 

15 

Annoulinj' Eunja<-<*s 

2r> 

Multi-spindle Drilling Machines . 

20 

Automatic Maciiiru^s . 

ir> 

Oil Engines .... 

25 

Han(] Sawing Machines (Wood) 

2b 

Oil Extract ors and vSeparators 

25 

Bar ilofliu^ Mactiiin's 

2b 

Oxv-acotvk‘ne Cutting Machines. 

15 

Blowers and Pans 

2b 

Ov(‘rhea(l Tra(*k EriuipnuMit 

25 

Boilors, Mull i-liibular and W%dcr 


Paint Grinding Mills . 

20 

Tube, and Mechanical Sloker 

20 

Petrol Trucks and 'I'raetors 

7 

Horing, Drilling, and Milling Ma- 


Planing Machines 

2b 

chines ..... 

2b 

Plano Milling Machine's 

25 

Broaching Machines 

2b 

Plate Bending Machines 

25 

(/apHt.an Lathes .... 

2b 

Plato Straightening Machines 

25 

Casi'- hardening Furnac<*s 

2b 

Pneumatic J)rills (Portable) 

7 

(’ircular Sawing Machines 

2b 

PiuMimatic Hammers (Fixed) 

25 

Ooko Crushing Machin<*s 

2b 

Pneumatic Hammers (Portable) . 

7 

Concrete Mixers 

8 

Pneumatic Moulding Ma<*hin(’is . 

20 

(3on» Making Machin(*s 

25 

Precision (irinding Machiiu's 

15 

Die (lasting Machines . 

If) 

Pulley Blocks .... 

4b 

Drilling and Tapping Machines- - 


Hadial Drilling Machini's . 

2b 

Horizontal and W'rtical 

2b 

Sand Kiddles .... 

10 

Drop Stamps .... 

2b 

Sand Blasting Machines 

2b 

Electric Cranes (all tyfics for uh(‘ in 


Sanding Machines, etc. (Portable) 

lb 

Shells, Yards, Docks, (*tc.) 

30 

Sawdust Conveyers . 

25 

Eloi'tric Drills (Portabh*) 

lb 

Steam Hammi'is 

25 

Electric Motors .... 

25 

St OIK' (k'ushers 

25 

Electric Welding Machines . 

8 

Tinsmiths’ Folding Machines 

20 

Fly Presses .... 

3b 

Vi<*<*H ..... 

20 

Forging Machi*u\s 

20 

Wall Jib Cranes 

40 

Furnaces (Ordinary) 

3b 

W’^ater Feed Pumps . 

20 

(Jus Engines .... 

25 

Water Distilling Plant 

20 

Crindstoncis .... 

2b 

Water Keservoirs 

40 

Hack Sawing Machines 

15 

Weighing and Testing Machines . 

25 

Heating Apparatus for Simps 

25 

Weighing Machines — Truck and 


Hydraulic Accumulators 

3b 

Platform .... 

40 

Hydraulic Mains 

40 

Woodwairking Machines 

20 


the two new planing machines. Whilst working costs to be ascertained. In 
strict unanimity can scarcely be ex- the example given the decreased 
pected, Table VII may be taken as expenditure on the total cost per 
representati\ e of good average prac- annum under present conditions 
tiee. Tables VI and VIII are included equals 28*7 per cent, 
tor the purpose of throwing more light Where it is proposed to change the 
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TABLE Vlll 

Appkoximatb Pkopoktion op Replacement Cost Provided at Expiration 
OF EACH Year of Life 
{On Shikhig Fund Bams irith InlereM at 3 /« /• vent) 
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Authority for New Plant 


19 


NEW J’LANT 
Dat-e ordered 
Delivery dat-e 
Date r(*cc*ived 
Account % j)ass<‘d 
% jjassed 
Datx‘ Plant set ((» \;^(n k 
Hhop 

MachiiK* Nn. 

ODD JN.\NT 
Dat<* reTnov<nl 
How disposed o 


REPORT OF FAILUHR OF 
MACHINERY 

Sho]) No Machine No 

Desenjdion of Machine 
Makeis 

Time of Bi(*akdoA\n 
Natun of Hit‘akdovvii 
Estimated Time foi Hepaiis 
Sliop Com erned for Repair's 
Dis])osal (»r Staff 

Remai’ks 


Fc)TiP}M\N 

H 10 99 Ricoki) oi Pi h( hasi oi Pi am Fio 91 Ripajhs to Machinmia Form 
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method of manufacture it may be 
necessary to consider the raw material 
costs as well as the direct labour 
charf^es. For further information on 
this point the reader should refer to 
Chapter XXI. 

As soon as a scheme is sanctioned it 
should be recorded in th(‘ manner 
sliown in Fig. 90, and a copy of the 
form attached to the relevant corn*- 
spondenc(\ 

Repair Costs 

Whenever repairs of machines and 
fixed plant are required, authority 
should be oldained for tlu* work to 
l)e put in hand as per Fig. 91. On 
nceipt of tliis form from th(* shop 
conc(‘rned the works fnanagtT will, if 


satisfied that the expense to be in- 
eurnd is justified, issue a factory 
order to cover tlu‘ ordering of material 
and authorizing the work. If tlie 
anticipated expenditure does not in- 
volve m()r(‘ than a nominal sum, say 
£1, the special factory order may not 
be deemed necessary. In all instances 
of br(‘akd()wn, how(‘vcr, a register 
shonJd be maintained to show wliat 
eacli machine is costing, this record 
being invaluable when considering 
new or altered equipnaait. 

It should, of course, always be 
borne in mind that well-organized 
shops, on the lines of those illustrated 
in Figs. 92, 93, and 91s will experience 
a minimum of trouble due to break- 
downs. 



CHAPTER VIII 

THE TOOL ROOM 


In the general efficiency of the tool 
room largely lies the successful manu- 
facture and price-fixing of almost 
every engineering product. If tools 
or gauges are badly designed or badly 
maintained, or if the wrong type of 
tool is used, increased working costs, 
a resultant higher price, and a less 
satisfactory article are inevitable. It 
is therefore recommended that the 
maximum ingenuity and foresight 
should be brought to bear on all tool 
room activities. There is no phase of 
the organization, particularly if it 
embraces jig and fixture design and 
manufacture, which is capable of 
showing a greater return for the 
money expended. The work, too, is 
equally fascinating for the designer 
and the tool-maker. 

Large firms will usually find it pre- 
ferable to design and manufacture 
most of their own tools and gauges. 
Small lirms will generally purchase 
standard types of tools, but will prefer 
to design and manufacture those 
which are peculiar to their own line 
of business. 

There are some who advocate that 
the control of the tool room should be 
vested in the machine shop super- 
intendent, whilst others consider it to 
be a more satisfactory arrangement 
tor no section to be given preferential 
treatment in the supply of tools but 
for the tool room Lo be self-contained 
and separately controlled. Conse- 

lo — (B 3«)4) 1 I 7 


quently it would be unwise to lay 
down a hard and fast rule, a good 
deal depending on the nature of the 
product and the size of the factory. 
It is certain, however, that if most of 
the machining is carried out under 
one authority it will be the wiser plan 
for that authority to have complete 
control over all the tool and gauge 
making. Fig. 95 is illustrative of im- 
portant sections of the tool room, 
the layout and equipping of which lat- 
ter must always he most carefully 
considered. 

Cutting Tools 

There are many proprietary brands 
of cutting tool on the market, but 
whether they be of high-speed tool 
steel or tungsten carbide, only ex- 
perience will reveal which is the best 
type to be used for a given class of 
work. Suitable machine tools are 
essential if good results are to 
be obtained with tungsten carbide 
cutting tools and tips, and it will 
be useful to summarize the desirable 
characteristics. 

(1) The machine in use must be 
reasonably rigid and free from lift or 
movement of spindle and slides. 

(2) There must be as little vibration 
as possible at the speed and with the 
cuts desired. 

(3) There must be ample power in 
the drive without any danger of 
slipping either in clutch or belt. 
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(4) The tool must have rigid support 
near the tip, allowing only sufficient 
room for swarf clearance. 

(5) The drive should be positive 
so that there is no fluctuation in 
speed. 

(6) Centres and chucks must be in 


they can improve performance by as 
much as 30 per cent. 

Generally, with carbide tools, a 
light cut and a fine feed combined 
with a high speed will give better 
results and a better finish than will a 
lower speed with a heavier cut and 



Fig O') Tool 

good condition and positive in action. 
Even on first-class machine tools the 
strictest attention to all details is 
necessary. A live or rotating tool 
stock centre is usually advisable, and 
any wear on the bearings of such a 
centre can cause frequent failure of 
the tools. Although chucking details 
may be adequate at ordinary speeds, 
they may be useless at increased 
speeds, and small alterations in this 
direction can either cause failure or 


Room Layout 

feed, removing perhaps an equivalent 
amount of material per minute. 

It should be noted that if a machine 
is taxed to the limit of its power when 
using high-speed steel tools, there is 
little to be gained by using the more 
expensive carbide tools, except where 
the material is not machinable with 
high-speed steel. From this it will be 
deduced that the use of carbide tools 
is not recommended on low-powered, 
obsolete, or worn machines. 
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Brazing of Carbide Tips 

It is essential that the brazing of 
tungsten carbide tools should be 
carried out in temperature-controlled 
furnaces, those which are generally 
employed for hardening high-speed 
steel being well adapted for the pur- 
pose. Cleanliness must be observed 
during the brazing operations, as if 
the shank, tip, furnace, 
or tools are dirty, satis- 
factory brazing cannot 
be performed. If a pre- 
heating furnace is not 
available, it is possible 
to braze the tools in a 
high-temperature fur- 
nace only, but care 
must be taken to pre- 
vent the carbide tip 
being subjected to rapid 
changes of temperature. 

Owing to the low shear strength of 
all tungsten carbide alloys, it is im- 
portant that very keen edges, such as 
arc obtained by burnishing or lapping, 
are finally produced on the tools if the 
best results are to be obtained. A 
keen edge will reduce the pressure on 
the tool and the heat generated at the 
point, with a considerable increase in 
tool life. 

The design of carbide tools with a 
(‘omplicated form should be avoided 
as the cost of their production is 
very heavy and an accidental break- 
age involves disproportionate loss. It 
should not be overlooked, however, 
that there are many highly successful 
applications of profiling tools and 
“button” tools. Fig. 96 illustrates 
diagrammatically the more usual types 
of cutting tool. 


Front Clearance Angle and Top Bake 

Fig. 97 illustrates the meaning of 
these two terms. Once the clearance 
and top rake angles on the tool have 
been decided upon, subject to ex- 
perience with the particular material 
being cut, they should be rigidly 
observed. The clearance angles should 
always be as small as is permissible. 


The clearance and top rake angles 
specified in Table IX are representative 
of those adopted for ordinary turning 
work. The question of top rake plays 
an important part in the machining of 
the harder materials or when taking 
heavy cuts or working with coarse 
feeds. Under th(*se conditions the top 
rake should be reduced below the 
usual figures. 

It is essential that a clear distinction 
should be made between turning and 
surfacing tools and the top rake with 
which they are each provided. Fig. 98 
illustrates a cutting tool performing 
surfacing work with a normal amount 
of top rake provided for operating on 
steel, and it will be observed that the 
pressure of the cut on the top of the 
tool acting in the direction indicated 
by the arrow tends to deflect the tool 
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Fig. 97. Top Rake, Clearance, and Wedge Angles of CxrrTiNo Tools 


into the solid wall of metal, which in 
turn tends to increase the depth of 
cut. The result of this is that the 
sharp cutting edge of the tool is 



Fig. 98 Fig. 99 


liable to break, and it has been found 
that when surfacing operations are to 
be performed it is better to reduce 
substantially the top rake to a nega- 
tive amount, a negative back rake up 
to 8® having been found to be a 
decided advantage. In these circum- 
stances, as will be seen from Fig. 99, 


the pressure of the chip on the top 
of the tool is acting vertically down- 
ward with a corresponding tendency 
to cause the tool to back away from 
the work. Swarf may 
be cleared by a few 
degrees side rake. 

In the case of turning 
tools, any deflection pro- 
duced in the tool by the 
pressure of the cut is 
provided for by the fact 
that on the radius of 
the work being carried 
out space is allowed for the tool to 
back away as shown in Fig. 100, 
and, furthermore, the forward move- 
ment of the tool itself also neutral- 
izes any tendency to deflection. To 
ensure that adequate provision is made 
for this condition, however, it is 
suggested that whenever possible the 


r 
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front cutting edge of the tool should 
be in. below the centre line for work 
up to 4 in. diameter, and ^ in. be- 
low the centre for work above 4 in. 
diameter. 

Setting of Tool in Machine 

Vibration, deflection, and lack of 
rigidity are the greatest foes of 
cutting tools, and machine operators 
and all others concerned should fully 
appreciate this fact. 

Any tool will deflect under load, 
and the larger the overhang of the 
tool, the greater will be the deflection. 
If a tool with only I in. overhang 
deflects 0*0001 in., then by the law 
governing the deflection of beams the 
same tool with a 2 in. overhang will 
deflect 0*0064 in., and this is excessive 
for any carbide tool. Minimum over- 
hang, as illustrated in Fig. 101, means 
minimum trouble. 

Finally a word of caution — negligent 
handling may easily damage a valu- 
able tool and great care should be 
exercised in using, storing, and packing 
carbide tools and tips. 

Twist Drills 

Although it is best to have a special 
shape of twist drill for every kind of 
material, this is seldom practicable as 
the costs are too high. There should, 
however, bo at least three different 
types of twist drills — 

(1) Drills for east iron and steel. 

(2) Drills for copper alloys (brass). 

(3) Drills for soft light metals. 

Commercial Measurement 
Considerations 

It is necessary to understand the 
meaning of certain terms used in the 


manufacture of engineering products. 
These arc as follows — 

(1) Limits. The extreme dimensions 
prescribed for variations in both fit and 
workmanship. 

(2) Alloimnce. A difference in di- 
mensions prescribed in order to allow 
of various qualities of fit. 



Fi«. 101 . Correct Setti^o Up of Tool 
IN Machine 


(3) Maa iumm Allowance. The differ- 
ence between the smallest shaft and 
the largest hole. 

(4) Minimum Allowance. The differ- 
ence between the largest shaft and the 
smallest hole. 

(5) Tolerance. A difference in di- 
mensions prescribed in order to 
tolerate unavoidable imperfections in 
workmanship. 

(6) Gross Tolerance is the maximum 
tolerance permissible for a given 
quality of lit. 

(7) Net Tolerance. The tolerance 
available for the actual manufacturing 
operation after deducting from the 
gross tolerance (a) all measurement 
errors, {h) tolerance for gauge making, 
and (c) amount allowed for gauge 
wear. 

Fig. 102 serves to illustrate the 
difference between the terms “toler- 
ance” and “allowance.” All too 
frequently these terms are confused, 
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although they have entirely different 
meanings. 

It will be realized that the coarser 
the tolerance actually available, the 
cheaper can an article be manufac- 
tured. The question arises, therefore, 
as to how tolerance can be increased 
without impairing the functioning 
qualities of the mechanism. Investi- 
gation should always be made to see 



FlO. 102. DlFFEItKNTIATlON UETWKEN 

THE Tbbms “Tolerance” and 
“Allowance” 


whether working tolerances can be 
increased by more accurate means of 
measurement. 

With any mechanism the correct 
functioning of the component parts 
depends on the differences in size and 
finish of the contracting surfaces. For 
example, if a gear has to slide along a 
shaft and the shaft is made larger than 
the hole, then it will not enter. If, on 
the other hand, the shaft is much 
smaller than the hole, the gear will be 
too loose. There is, however, a small 
margin where a satisfactory sliding fit 
can be obtained, and it is within this 
margin that variations of size can be 
permitted. 

In every instance there are high and 
low limits which bound this margin, 
the high limit being the maximum 


allowance or the greatest difference 
allowable between the two parts, 
whilst the low limit is the minimum 
allowance or the smallest difference 
allowable for the desired fit. Between 
these two limits both shaft and hole 
can vary in size, and the amount of 
permissible variation is the combined 
gross tolerances of the two parts as 
can be deduced from Fig. 102. The 
gross tolerance must include not only 
the actual manufacturing tolerance 
but also the tolerances required (1) for 
making the gauges, (2) to permit a 
certain amount of gauge wear, and 
(8) to cover unavoidable errors of 
measurement. 

It is often quite wrongly assumed 
that the tolerances specified on draw- 
ings are the tolerances actually avail- 
able for manufacturing purposes. In 
the first place, the gauges themselves 
cannot be made without a tolerance of 
their own; secondly, allowance must 
be made for gauge wear, otherwise the 
gauges will be useless as soon as wear 
commences; and, thirdly, the lack of 
exactness in measurement must be 
taken into account. If these three 
items were added to the tolerance on 
the drawing, then there would be no 
safeguard to prevent the functioning 
allowance from being made too large 
and probably the parts would not fit 
together. Accordingly, the drawing 
tolerance must always be regarded as 
the gross tolerance. 

Repetition work would be imprac- 
ticable if there were no means of 
making details interchangeable. This 
is achieved by some approved system 
of allowances and tolerances combined 
with a properly designed scheme of 
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gauging, usually by means of limit 
gauges. 

and Minimnin Allowances 

When considering the amounts of 
allowances and tolerances to suit each 
class of fit, the correct procedure is to 
determine by trial or experiment the 
maximum and minimum allowances 
that will give the required functioning 
quality. The difference betw^cen these 
is the combined tolerances available 
for both mating components and the 
total amount can be divided between 
the two parts in accordance with any 
prearranged system, one of the best 
known being that of the Newall system. 

Uniformity in the size of holes 
is the beginning of any system of 
accurate or interchangeable work, and, 
as holes are usually finished by reamers 
and other set tools and can by such 
means be duplicated in size with 
reasonable commercial accuracy, the 
Newall system is founded upon “hole 
basis,” i.e. provision is made in the 
size of the hole for error in workman- 
ship only. To obtain the quality of fit 
desired suitable variation is allowed 
on the size of the shaft or pin which 
has to go into the hole. Admittedly it 
is easier in practice to vary the size of 
the shaft than that of the hole ; if the 
system of “hole basis” is not chosen 
and preference is given to the opposite 
system, “shaft basis,” then the size of 
the hole must be varied, and this will 
necessitate the provision of an addi- 
tional reamer or suitable tool for each 
quality of fit that may be required for 
every diameter used. The cost of such 
an outfit of wearable tools and the 
added difficulty of keeping these up 


to standard, entailing considerable 
trouble and expense, is a decided 
factor in favour of “hole basis.” 
There are, of course, some classes of 
work — the exceptions that prove the 
rule — ^for which, notwithstanding the 
increased cost entailed, the system of 
“shaft basis” is the more suitable. 

Tolerances for standard holes are in 
two grades. Classes A and B, the 
selection of which is for the user’s 
decision and dependent upon the 
quality of the work required : some 
prefer to use Class A as working limits 
and Class B as inspection limits. 
Allowances for shafts are as follows — 
Force FitSy Class F. The shafts 
made to this table will require 
either hydraulic pressure to force 
them into the holes or the expansion 
of the holes by heating so as to shrink 
them on to the shafts. 

Driving Fits\ Class D, will produce 
shafts that need to be driven into the 
holes. 

Push Fits, Class P, Shafts made to 
these limits can be pushed into the 
holes, but will not be sufficiently free 
to rotate without seizing. 

Running Fits — the most commonly 
n^quired — are divided into three 
grades — 

Class X for engine and other work 
where easy fits arc wanted. 

Class Y for high speeds and good 
average machine work. 

Class Z for fine tool work. 

Note, The Ilunning Fit classes may 
be employed for other than revolving 
fits where it may be advisable or 
necessary to limit the productive error. 

Tables X and XI give tolerances 
and allowances for all these classes in 
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TABLE X 

Toubrancbh ani> Aixowanoeh (English Dimensions) 

(For Sizes up to 6 in.) 


TOLERANCES IN STANDARD HOLES 


ClEM 

Nominal 

Diameters 

1 

1 Up to and 
including | in. 

Above i in. 
up tf) 1 111 . 

j Above 1 in. 

1 up to 2 in. 

' Above 2 in. 
up to 3 in. 

Above 3 in. I 
up to 4 in. 

Above 4 in. 
up to 5 in. 

Above 5 in. 
up to 0 in. 

A 

High Limit 
Low Limit 
Tolerance 

-f 00025 
- *00025 
•00060 

4 fK1050 
•00025 
•00075 

+ *00075 
- *00025 
*00100 

1 *00100 
- 00050 
•00150 

+ 00100 
•00050 
•00160 

■f *00100 
- 00060 
•00150 

-4 *00160 
- *00050 
*00200 

H 

Higli Limit 
Low Limit 
Tolerance 

+ *00050 
- 00060 
00100 

+ OIMITS 
00050 
00125 

f 00100 
- *00050 
•00150 

+ 00125 
•00075 
•002(H) 

T 00150 
00075 
•00225 

00175 
- 00076 
•00260 

+ 00200 
- *00100 
•00300 

Force Fits 

ALLOWANCES 

ON SHAl'TS 

FOR VARIOUS FITS 



Clttsa 

Nominal 

Diameters 

Lp to and 
including i in. 

Abo\e i in. 
up to 1 in. 

Above 1 in. 
up to 2 in. 1 

Above 2 in. 
up to 3 in. 

Above 3 in. 
up to 4 in. 

{ Above 4 in. 
up to 6 in. 

Above 6 in. 
up to 6 in. 

F 

High Limit 
Low Limit 
Tolerance 

*00100 
t *00050 
00050 

+ 00200 

4 •(K)150 
•00050 

+ (K)400 
! f 00200 
•00100 

+ 00600 
i 00450 
•00150 

+ OOSOO 

1 00600 
00200 

4 -01000 

4 00800 
•00200 

-f 01200 
+ 01000 
•00200 

Driving Fits 








ClatiB 

1 Nominal I 
Diameters 

Up to and I 
including ^ in. I 

1 

Above i in. . 
up to 1 in. 

Above 1 in. I 
up to 2 in. 

1 Above 2 in. 
up to 3 in. 

Above 3 in. 
up to 4 in. 

1 Above 4 in. 

1 up to 5 in. 

1 

Above 5 in. 
up to 6 in. 

D 

High Limit 
Low Limit 
Tolerance 

-1 00050 
-1- 00025 
00025 

i 00100 
+ 00075 
•00025 

H 00150 
-1- *00100 
•00060 

■1 00250 

4- *00150 
00100 

4 -OOSOO 

-f 00200 
00100 

4- 00350 

1 00250 
•00100 

4- 00400 
+ 00300 
•00100 


Push Fits 


Class 

Nominal 

Diameters 

Up to and 
including i in. 

Aliovc i in 1 
up to 1 in. 

i ! 

Above 1 in. 
up to 2 in. 

Above 2 in. 
up to 3 in. 

Above 3 in. 
up to 4 in. 

Above 4 in j 
up to 5 in. 

I Aliove 5 in. 
up to 6 in. 

1 

P 

High Limit 
Low Limit 
Tolerance 

- 00025 

- 00076 
*0005 

- -00026 
- 00076 
•0005 

- 00025 

- 00075 
*0006 

- 0005 

- 0010 
0005 

- *0005 

- 0010 

1 0005 

- 0005 

- 0010 
•0005 

- *0006 
■> *0010 
*0006 

Running Fits (8 grades) 







Class 

Nominal 

Diameters 

Up to and 
including i in. 

Above i in. 
up to 1 in. 

i 

Above 1 in, 
up to 2 in. 

Above 2 in. 
up to 3 in. 

Above 3 in. 
up to 4 in. 

1 Above 4 in. 
up to 5 in. 

Above 5 in. 
up to 6 in. 

X 

High Limit 
Low Limit 
Tolerance 

- 00100 
- 00200 
*00100 

- 00125 
~ 00276 
•00150 

- *00175 

- *00350 
•00175 

- 00200 
- *00426 
•00226 

- 00250 

- *00500 
*00250 

- -00300 

- *00575 
•00275 

- 00360 

- *00660 
*00300 

Y 

High Limit 
Low Limit 
Tolerance 

- *00076 

- *00125 
•00060 

- 00100 
- 00200 
•00100 

- *00126 
- 00250 
•00125 

- 00150 

- *00300 
*00150 

- *00200 
~ *00360 
*00150 

- 00225 

- *00400 
*00176 

- *00260 
- *00460 
*00200 

Z 

High Limit 
Low Limit 
Tolerance 

- *00050 

- 00076 
•00025 

- 00075 

- *00126 
•00050 

- *00075 

- *00150 
•00075 

- 00100 
- *00200 
*00100 

- 00100 
- *00225 
•00125 

- *00125 

- *00260 
*00126 

- -00126 
- *00276 
•00150 
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TABLE X— (con«7.) 

Tolerances and Allowances (English Dimensions) 
(For Sizes over 6 in. up to 12 in.) 
tolerances in standard holes 


Class 

1 

Nominal 

Diameters 

Above 6 in. 
up to 7 in. 

Above 7 in. 
up to 8 in. 

1 

Above 8 in. 
up to 0 in. 

1 Above 9 in. 

1 up to 10 in. 

1 

Above 10 in. 
up to 1 1 in. 

Above 11 in. 
up to 12 in. 

A 

High Limit 
Low Limit 
Tolerance 

-f 00150 
- 00076 
t 00225 

4- 00175 
- 00075 
•00250 

4- 00175 
- 00100 
00275 

4- 00175 
- 00100 
•00275 

4- -00200 
- 00100 
•00300 

■f *00200 
- 00100 
•00300 

B 

High Limit 
Low Limit 
Tolerance 

4- 00226 
- 00100 
•00325 

4- 00225 
- 00125 
•00360 

4- 00250 
- -00125 
•00375 

+ 00250 
~ 00125 
•00375 

4- -00275 
~ 00126 
•00400 

4- 00275 
~ -00150 
•00425 
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TABLE XI 

Tolerances and Allowances (Metric Dimensions) 
(For Sizes up to 160 millimetres) 


tolerances in standard holes 


ClMS 

Nominal 

Diameterg 

Up to and 
including 15 

Over 15 
up to 25 

1 

Over 25 | 

up to 50 

1 

1 Over 50 1 

up to 75 1 

Over 75 
up to 100 

Over 100 
up to 125 

Over 126 
up to 150 

A 

High Limit 
Low Limit 
Tolerance 

-f 007 
~ 007 
•014 

4 013 
- 007 
•020 

4 019 
- 007 
•026 

4 026 
- 013 
•039 

4 026 
- 013 
•039 

4 026 
- 013 
•039 

+ 039 
- 013 
•052 

B 

High Limit 
Low Limit 
Tolerance 

H 013 
- 013 
•026 

4 010 
- 013 

•032 

f 026 
- 013 
•039 

4 032 
- 019 
•051 

4 039 
- 019 
•058 

4 ■ 045 
- 019 
•064 

051 

- 026 
•077 


' ALLOWANCES ON SHAFTS FOR VARIOUS FITS 

Force Fits 


Clagg 

Nominal 

Diameterg 

i 

^ iJn to and 

1 including 15 

Ovc5r 15 
ui) to 25 

! Over 25 
up to 50 

1 

Over 50 
up to 75 

Over 75 
up to 100 

Over 100 
up to 125 

Over 125 
up to 150 


High Limit 

1 1 

4 026 1 

f -051 

\ 102 

+ 153 

4 -204 

+ -255 

4-306 

F 

Low Limit 

4 013 1 

\ 038 

i 077 

4 115 

4- 152 

4- -203 

4 -264 


Tolerance 

•013 

•013 

•025 

•038 

•062 

•052 

•052 


Driving Fits 


Clagg 

Nominal 

Diameterg 

Up to and 
including 15 

Over 1 5 
up to 25 

Over 25 
up to 50 

Over 60 
up to 75 

Over 76 
up to 100 

Over 100 
up to 125 

1 

Over 125 
up to 150 

1 

D 

High Limit 
Low Limit 
Tolerance 

f 013 

4 007 
•006 

-1 026 

4 019 
•007 

f- 039 
f 026 
•013 1 

1 

4 064 

4 039 
•025 

1 

4 077 

4 051 
•026 

4 089 

4 063 
-026 

4 102 

4 076 
•026 


Push Fits 


Clagg 

Nominal 

Diameterg 

Up to and 
including 15 

Over 15 ^ 

up to 25 

^ Over 25 
up to 50 

Over 50 
up *0 75 

Over 76 
up to 100 j 

Over 100 
up to 125 

Over 125 
up to 150 


High Limit 

- 006 

- 006 

- 006 

- 012 

- 012 

- 012 

- 012 

P 

Low Limit 

-- 019 

- 019 

- 019 

- 026 

- 026 

- 026 

- 026 


Tolerance 

•013 

•013 

•013 

-014 

•014 

•014 

•014 


Running Fits (3 grades) 


Clagg 

Nominal 

Diameterg 

Up to and 
including 15 

Over 1 5 ^ 

up to 25 

Over 26 
up to 50 

Over 50 
up to 75 

Over 76 
up to 100 

Over 100 
up to 125 

Over 125 
up to 150 



X 

High Limit 
Low Limit 
Tolerance 

- 025 

- 061 
•026 

- 032 

- 070 
•038 

- 045 

- 090 
•045 

- 051 

- 108 
•067 

- 063 

- 127 
•064 

- 076 

- 146 
•070 

- 089 

- 165 
•076 

Y 

High Limit 
Low Limit 
Tolerance 

- 019 
~ 032 
•013 

- 025 

- 051 
•026 

- 032 

- 064 
•032 

- 038 

- 076 
•038 

- 051 
~ 089 
•038 

- 057 

- 101 
•044 

- 068 
- 114 
-051 

Z 

High Limit 
Low Limit 
Tolerance 

- 012 
- 019 
•007 

- 019 

- 032 
•018 

- 019 

- 039 
•020 

- 026 
- 061 
•026 

- 025 

- 067 
•082 

- 032 

- 064 
•082 

~ 032 
- 070 
•088 
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TABLE XI--(con/rf.) 

TOL^iKANCES AND AlLOWAN(’ES (MeTKK' DIMENSIONS) 
(For Sizes over 1 50 up to 300 nulliinetres) 
TOLERANCES IN STANDARD HOLES 


Class 

Nominal 

Diameters 

Over 150 
up to 175 

Over 175 
up to 200 

Over 200 
up to 225 

1 

Over 225 
up to 250 

1 

Over 250 
( up to 276 

1 

Over 276 
up to 800 


High Limit 

i 039 

4 044 

1 + 044 

1 4 044 

^ 051 

+ 061 

A 

Low I imit 

- 019 

- 022 

1 - 025 

I 025 

- 025 

- 026 


Tolerance 

058 

066 

069 

069 

076 

076 


High Limit 

+ 057 

+ 057 

1 4 063 

) 003 

+ 070 

+ 070 

B 

Low Limit 

- 02fl 

- 032 

032 

032 

032 

- 038 


Tolerance 

083 

089 

1 095 

095 

102 

108 


ALLOWANCES ON SHAFTS FOR VAllIODS UTS 

Force Fits 


I lass 

Noiiiliial 

Over 150 

' Over 175 

Over 200 

1 Over 225 

Over 250 

Over 276 

Diameters 

up to 175 

I up to 200 

up to 225 

j up to 25(' 

up to 276 

up to 300 


High Limit 

+ 358 

-4 410 

1 462 

4 514 

1 4 566 

+ 618 

h 

Lov\ Limit 

+ 306 

+ 358 

4 410 

^ 462 

1 4 514 

+ 566 


Tolerance 

052 

052 

052 

052 

052 

052 

Driving Fits 

('lass 

1 Nominal 

Over 150 

' Over 175 

Over 200 

Over 225 

, Over 250 

Over 276 

Diameters 

up to 175 

j up to 200 

1 up to 225 

1 up to 250 

j up to 276 

1 up to 300 


High Limit 

t 114 

1 127 

4- 140 

+ 162 

4 165 

1 f 178 

1) 

Low Limit 

-4 076 

4 0S9 

f 102 

^ 114 

1 f 114 

f 127 


Tolerance 

038 

038 

1 

038 

038 

051 

061 

Push Fits 







1 

Class 

1 j 

Nominal 

Over 150 

Over 175 

Over 200 ^ 

Over 225 

Over 250 

Over 276 

Diameters j 

up to 175 

1 

up to 200 1 

U]> to 225 ^ 

up to 250 

up to 275 

up to 300 


High Limit 

- 013 

- 013 

013 

019 

019 

- 019 

P 

Low Lmiit 

032 

~ 038 

1 - 038 

- 051 

051 

- 061 


Tolerance 

019 

025 

025 

032 

032 

032 


Running Fits (3 grades) 


Class 

Nominal 

Over 150 

1 

Over 175 

Over 200 

1 

Dver 225 

Over 250 

Over 276 

Diameters 

up to 175 

up to 200 

1 

up to 225 

1 up to 250 j 

1 up to 275 

1 

up to 300 


High Limit 

- 089 

- 089 

095 

- 102 

102 

^ 108 

X 

liOW Limit 

- 171 

- 179 j 

- 191 

- 203 

- 210 j 

- 216 


Tolerance 

082 

090 

096 

101 

108 

108 


High Limit 

- 070 

- 070 

076 

- 083 

083 

- 089 

Y 

Low Limit 

- 121 

- 127 

140 

147 

152 

- 168 


Tolerance 

051 

057 

064 

064 

069 

060 


High Limit 

- 032 

- 038 

- 038 

- 038 

- 044 

- 044 

Z 

Low Limit 

- 070 

- 076 


- 083 

- 089 

- 080 


Tolerance 

038 

038 

1 038 1 

045 

045 

•046 
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both English and metric dimensions, 
for sizes up to and including 12 in. 
and 800 mm. respectively. As factors 
other than nominal size have a very 
important bearing on the eventual 
results obtained in the case of force 
and driving fits, e.g. materials, shape 
of pieces, length of bearing, and finish 


NOT. GO not go 



(No allowance for error ( Allow iiiR for u mc'aaure 

of measiireinont) iiicnt error of plus or 

TTilnua 0 00005 in.) 

of mating surfaces, it is advisable to 
take these into careful consideration 
before coming to any definite decision 
in regard to these two classes of fit. 

It should be noted that when the 
hole tolerance is subtracted from the 
combined tolerance the amount avail- 
able for the shaft tolerance is obtained. 
To take a hypothetical example, let 
it be assumed that a running fit is 
required on a nominal 1 in. diameter 
shaft and hole. 

(a) Maximum allowance, say . 0025 in. 

ib) Minimum allowance, say . *0010 In. 

(c) Difference (a - 6) “ com- 
bined iiole and shaft 
tolerance .0016 in. 


(d) Hole tolerance . 

(e) Shaft tolerance (c d) 



(h) Smallest hole (f—h^d) . 
ij) Largest shaft {h- j ^ b) . 


•0007 in. 
•0008 in. 

1 0006 in. \ 
•9980 in. j 

•9998 in. ) 
•9988 in. j 


•0026 in. 
maximum 
allowance 
•0010 in. 
minimum 
allowance 


It is hardly necessary to say that in 
fixing the maximum and minimum 
allowances (a) and (6), and the size of 
the largest hole (/), skilled judgment 
based on considerable experience and 
experiment is required. It is, of 
course, desirable that the combined 
hole and shaft tolerance (c) should be 
as large as possible, on the strict 
understanding that it must not be 
exceeded either through errors or 
vagueness of measurement, or by 
gauge wear. 


Principles of (range Manufacture 

Once the various allowances and 
tolerances have been decided upon for 
any pair of mating parts the next step 
is the making of the gauges in the 
tool room. Consider a double-ended 
plug gauge for measuring a hole. 
Starting with the theoretically correct 
sizes, maximum diameter 1*0000 in. 
and minimum diameter 0*9990 in., 
two parallel lines A and L can be 
drawn, the distance between them 
representing the difference or tolerance 
0*0010 in. If measurements could be 
guaranteed exact, the gauge could be 
made, as shown graphically in Fig. 108, 
with a maximum and minimum differ- 
ence between the “Go” and “Not go” 
ends of 0*0009 in. and 0*0007 in. re- 
spectively ; in other words, the bound- 
aries of the two ends of the gauge 
would lie between AC on the large 
end and HK on the small end. Then 
the “Go” end could be allowed to 
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wear until it measured 0-9990 in. after 
which it would be scrapped. 

In Fig. 104 is seen the result obtained 
when the measuring instruments can 
safely be read within the reasonable 
latitude of plus or minus 50 millionths 
or 0-00005 in. As it is not allowable 
to transgress beyond the lines A and 
K in making the gauge, the actual 
tolerance boundaries have to be moved 
from AC and HK in Fig. 10t3 to Bl) 
and GJ in Fig. 104. At the same time 
the inaccuracy of measurement will 
possibly move the lines D and G to 
positions E and F, thus reducing the 
theoretical net tolerance of 0-0007 in. 
to an actual net tolerance of 0-0005 in., 
the gross tolerance being the same both 
theoretically and actually. Thus the 
measurement error has reduced the net 
tolerance by four times its own amount. 

This vagueness or inaccuracy of 
measurement is not vital where only 
one gauge is to be made, but when 
duplicates or replacements are re- 
(juired it is very important, as will be 
known by those who have tried to 
get interchangeable parts manufac- 
tured in different works. To illustrate 
this point, four new double-ended plug 
gauges of the same nominal size and 
tolerance were carefully measured in a 
machine guaranteed to measure accur- 
ately within 10 millionths (0-00001 in.), 
the result being shown graphieally in 
Fig. 105. 

If an operator uses gauge No. 1 for 
producing a hole to be inspected later 
by gauge No. 3, then the only holes 
passed by the inspector will be pro- 
duced within a net tolerance of 
0-00034 in., whereas if gauges Nos. 4 
and 2 are used by operator and in- 


spector respectively, the net tolerance 
for the holes passed will be 0-00043 in. 
These four gauges are supposed to be 
the same, and the differences between 
them are due to errors of measure- 
ment. If the accuracy of measurement 
could be relied upon within 0*00005 in., 
then the same four gauges with the 

Hi 

1 18780 
I 18775 
1 18770 
118765 

111 

H8760y 
1 18755 K 
I I8750g 
/ 18745 
/ <8740 
I 16735 
I 18730 
I 18725 
I 18720 
110715 
I 16710 

Fi(i. lOf). Ohaphic’AI. (Comparison of 

Four DouRLK-KNJ)Kt) Pluu (Jaikjkh 
(Meusuri'd to plus and ininuH 0 UOOOl in.) 

same gross tol(*ranc(‘ of 0-0007 in. 
would have a n(*t tolerance*, allowing 
O-OOOl in. for wear, of ()*0()05 in., 
and it would be much cheaper to 
produce holes to an actual manufac- 
turing tolerance of 0-0005 in. than is 
the case with the gaug(*s as they are 
shown in Fig. 105. This proves con- 
clusively that exactness of measure- 
ment is highly important in decreasing 
production costs, and every step should 
be taken to ensure it. 

Internal and External Limit Gauges 

The general method of construction 
employed in the manufacture of in- 
ternal limit gauges is that of building 
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up the two gauge plugs on a handle 
with provision for renewal or exchange 
of plugs when worn, or as may be 
necessary. In the larger sizes* where 
sensitivity in handling may be ad- 
versely affected by excessive weight, 
the plugs should be of shell form 
secured to an aluminium handle 
portion. 



Eio. JOG. Adjiistaiiltc External Limit 

UAlKiE 

The provision of a separate ex- 
ternal limit gauge for each diameter 
used, and for each variation in the 
quality of fit required on such dia- 
meter, would entail in many cases an 
expenditure so heavy as to prohibit 
the installation of a full equipment: 
yet in modern commercial production 
efficient means of gauging work are 
imperative, and, to overcome the 
necessity for the multiplicity of ex- 
ternal limit gauges required, an ad- 
justable type is frequently used. This 
reduces to a minimum the initial outlay 
upon the outfit of limit gauges for 
external work, it can be advan- 


tageously employed on either the 
finest or roughest class of production, 
and being adjustable it is not 
affected by wear as are solid gauges. 

Fig. 106 is an example of an adjust- 
able external limit gauge. The body, 
or frame, which is of decarbonized 
east iron, is of a section specially 
designed to ensure maintenance of 
truth and rigidity. One jaw carries 
an elongated solid anvil of rectangular 
shape (so secured in the frame as to 
be practically integral with it) hard- 
ened, ground, and lapped to a true 
plane surface of an area amply 
sufficient to cover the field of contact 
with the two circular-faced movable 
anvils sliding in the opposite jaw. 
These movable anvils, also hardened 
and ground, are non-rotating; their 
gauge faees are lapped truly parallel 
with that of the fixed anvil and their 
total capacity of adjustment inwards 
or outwards is | in. By means of 
locking screws they may be secured 
independently and positively to “(io” 
and “Not Go” sizes at any desired 
point within the range given. A 
slight chamfer on the front of all 
gauging faces makes a lead on ap- 
proach to the piece being tested; a 
recess in the frame at the rear of the 
two movable anvils provides for sealing 
after adjustment to size and limits and 
before issue to the factory. 

Screw Threads 

The form of screw threads varies 
considerably, the shape of the thread 
being determined to a great extent by 
the purpose for which it is intended, 
but for reasons of interchangeability 
it is important that there should be 
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imiiorniity in the sizes or angles of 
the same form. Various attempts 
have been made to standardize 
threads, but owing to the fact that 
each country has adopted its own 
standard, this becomes a matter of 
consideTable difficulty. 

The principal conditions to be ful- 
fillc'd by a screw thread are: (1) 
efficiency; (2) strength ; (8) durability. 

(1) The efficiency dej)ends on the 
pitch and the friction, and hence on 
the pitch and form of thread. 

(2) The strength dej)ends on the 
lorin or the shearing thickness and 
d(‘j)th, or area of the cross-s(‘etion 
parallel to the axis. 

(8) Th(‘ diirabiht\ depends chiefly 
on the de})th that is, u))on the extent 
of b(‘aring surface. 

Errors of Screw Threads 

The Whitworth Vee thr(‘ad has 
seven elenu'uts, error on any one of 
vsliieh may be suflieicnt to cause a 
gauge to reject work winch ought to 
|)ass, or vice versa. These elements 
are - 

Full diam(*t(‘r. 

For(‘ diametiT. 

KflectivH* diam(‘ter. 

Ihteh. 

Angle. 

Radius at crc'st. 

Radius at root. 

Of these, “])itch,” ‘'effective dia- 
m(*ter,” and “angle” are the most 
important, and arc those in whieh 
(Trors most frc'ipiently occur. 

Pitch, The pitch of a thread is the 
ihstance it will move in the direction 
of its axis in one revolution through a 
lixed nut. It is convenient to dis- 


tinguish betw’cen the following types 
of error in pitch — 

(1) The error in a screw wffiose 
pitch is uniform, but longer or shorter 
than its nominal v^aluc, is called 
“progressive error.” 

(2) Firrors which vary in magnitude 
when measured from thread to thread 
along the screw, and whieh recur at 
regular intervals, are called “periodic 
errors.” A screws having errors which 
vary in magnitude wffien measured 
ovTr eipial fractions of one turn of the 
thread is usually called “drunken.” 

(8) An error in pitr*h which v^aries 
irregularly in magnitude when meas- 
ured ov er equal lengths of the thread 
is usually described as “erratic.” 

Thread roller gauges arc recom- 
mended as constituting one of the 
most satisfactory methods of gauging 
the Whitworth Vee thread on a 
l)roduction basis. 

Transference of Size 

Accurate end standards are avail- 
able at a cost chea]) enough to warrant 
their use for all classes of work. 
Efficient means should b(‘ adopted for 
transferring their accuracy to the 
gauges so that the cost incurred is in 
rcasonab](‘ proportion to the cost of 
the linished product. Although the 
iiiicrom(‘ter is one of the most gener- 
ally useful of measuring instruments, 
it is by no means a tool of the highest 
order of accuracy, being reliable only 
to within 0*001 in. There is, however, 
a variety of appliances in use ranging 
from the micrometer to the highly 
accurate measuring machines em- 
ployed by such institutions as the 
National Iffiysical Laboratory. 


I (B ^54) 
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Accurate Measuring Instruments 

Gauging in machine tool manufac- 
ture and similar high-class work re- 
solves itself into two major problems: 
first, the provision and maintenance of 
a standard of length; second, the 
transference of that standard of length 
to the component. It is recommended 
that the standard of length should 


fully competent and experienced staff. 
A standard gauge and tool measuring 
room should always be provided and, 
for preferc'iice, should be located 
within the tool room (see Fig. 107). 
If the room is temperature controlled, 
maintained say at 68° F., and kept 
within i 2°F., the test results will 
not vary due to changes of tempera- 


TAHLK XII 

SuadESTKD Basis for C^ompliste Hanoe of (iAuoKs 


Set 

No. 


Lo(‘atioii of (iaiigoH 


I control room 

'J Tool room gango inHjxictiori (l<*f)»irl- 

rnont 

H Machine shop gauge storcH 

4 (ionoral gauge inakiu’s | 

T) Final inspection of tools and fixtures i 

(5 .fig boring de])artment 

7 Fitting and grinding (h^partnient 


Purpose for which required Allowance 


For use in conjunction witli gauge 
I'ontrol room instruments 
For checking gauges in course of 
manufacture 

For (di.serv'ing condition of gauges 
after use 

For setting snap gauges 
For checking gear centres and slots 
For accurate settling of work tables 
For jig sotting and microm«‘t('r 
<‘hecking 


in. 

- *00002 
- *00003 

- *00005 

- *00008 
•00010 
•00020 
•ooo:io 


comprise one set of rc‘ferenee slip 
gauges and one set of reference length 
bars. To ensure accuracy these should 
be compared with the standard yard, 
by the submission of reference slij) 
gauges and standard length bars to 
the National Physical Laboratory 
evcTy twelve months. Substandards 
of length should be compared with 
the reference set every three months, 
the cheek being carried out on an 
instrument capable of measuring differ- 
ences as small as one-millionth of an 
inch. Table XII gives practical sug- 
gestions to form a basis for a complete 
range of gauges. 

The accurate measuring devices 
used in the manufacture of precision 
gauges shoidd only be handled by 


ture. Periodical inspection of all 
gauges should b(‘ made and a record 
of the inspection entered giving date 
and condition, any necessary adjust- 
ment or replacement being carried out 
immediately it is deemed advisable. 

Universal Pitch Measuring Machine. 
This machine (Fig. 108) has been 
designed for the accurate determina- 
tion of the pitch of internal and 
external threads on parallel and taper 
work to N.P.L. limits. The |)rinciple 
of measurement involves the use of a 
high-precision micrometer and a high- 
amplification mechanical indicator. 
The use of ground and lapped vees 
and hardened steel balls ensures 
practically frictionless slides which 
give that delicacy of adjustment so 
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essential in line measuring instui- One of these eliscs is elivideel into 250 
inents. The machine will take up to divisions eaeh representing O-OOOl in. 
a maximum diame*tcT of 8 in., and a withliguresat each tenth division. The 
maximum length of 18 in. small divisiems repr(‘senting O’OOOl in. 

The micrometer as a unit consists are approximately 0*05 in. apart. The 
of the high-precision screw mounte'd zero index is markeel on a liall bearing 
on t)(*arings at eaeh end, with the ring earned on an extension tube 
anehoK'd central nut ceim- 
ple^te'ly housed in a two- 
j)nil easing iixe*el in the 
raised arm of the carnage 
The micrometer screw , 
which has a harde^ned and 
ground thre'ad, is | in. 
diameter with a pitch oi 
0*025 in. and a total travel i 
of 2*1 in. A graduated 
disc unit IS tajier mounted 
ein the end of the screw 
an(J is arranged to carry a 
series of graduated discs. 



Fig 108 ITNivEiiqAii Pitch Mbasubino Machine 
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attached to the fixed headstoek. From 
this ring projects a pin which engages 
with an adjustable pitch corrector bar 
attached to the end of the carriage, 
contact being maintained by means of 
a tension spring. An index pin carried 
from the top of the raised arm of the 
carriage moves in a slot in the top of 


the extension tube. The edge of the 
slot is graduated at intervals of 
0-05 in. over a range of minus 0-05 in. 
to plus 2-05 in. giving approximately 
0*05 in. at each end of the normal run 
of 2 in. 

Having arrang('d that the disc reads 
zero in the first thread, the micrometer 
is turned slowly so as to bring the 
indicator to its mark in each succes- 
sive thread. At each setting of the 
indicator the reading of the disc is 
taken. Having reached the end of 
the thread, a cheek reading should be 
taken on the first thread, and this 
should check back to within 0*00002 in. 
or 0*00003 in. 


Specially divided discs supplied with 
the machine will be found to facilitate 
the measurement of pitch of all screws 
having any of the ordinary number of 
threads per inch. Having attached the 
appropriate discs to the micrometer 
spindle, the set-up is so arranged that, 
with the stylus in the first thread of 
the work, one of the lines 
on the disc reads exactly 
opposite the central “5” 
line on the short scale on 
the left-hand fixed disc. On 
passing along the screw at 
each setting of the indica- 
tor in the successive thread 
the reading is taken on the 
stationary disc opposite the 
nearest line on the micro- 
meter disc. The diflerences 
of the readings in divisions 
from the initial reading of 
“5” give the cumulative 
error in the pitch at the 
thread concerned in ten- 
thousandths of an inch. 

Floating Carriage Diameter Measur- 
ing Machine. This machine (Fig. 109) 
has been d(‘signed to measure to 
within O-OOOl in. the full, effective, and 
cort* diameters of screw thread plug 
gauges and similar work, as well as 
external plain diameters. 

The micrometer carriage, having a 
vee groove and flat face on its under 
side, moves freely on hardened steel 
balls resting in two ground and lapped 
vee< in the top face of the intermediate 
slid(‘. The micrometer carriage has 
cast brackets at each end, one carrying 
a micrometer head fitted with a high- 
preeision screw controlled by a large 
diameter drum graduated to 0*0001 in. 
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and capable of being read by estimation 
to 0 00002 in. 

To eliminate the personal element 
in the “feel” of the micrometer, the 
adjustable anvil of each size is titted 
with a mechanical indicator. It con- 
sists of a movable anvil which acts 
against a light spring j)ressiirc upon a 
two-stage system of levers giving a 
magnification of approximately 350 to 
1, a pointer being used in conjunction 
with a zero line. 7'his means that for 
an anvil movement of 0*0001 in. the 
pointer moves 0*035 in. 

To measure plain diameters and the 
full diameters of screws a reading is 
lirst taken over the er(‘sts of the 
threads or the plain diameter with the 
indicator pointer at zero. The work 
IS then r(‘plaeed by a reference disc 
or a standard plain plug gauge of 
known dimensions and a second 
reading taken. 

If the rnierometer readings on — 


Staiidaid plain plug 
<)^ cr work 
Then full diannder 

F 

whoiv I) 
F 


li 

D I l)ifti‘r<‘n(M* br- 
tw'Cfii [{ and liy 
Si/A* of standard plug 
DianifOu* of uoik. 


To determine the effective diameter 
of a screw thread, thread-measuring 
cylinders are first located in the 
thread grooves as shown in Fig. 109. 
The rnierometer is then advanced and 
a reading taken, after which the screw* 
is replaced by a rcfcTcnce disc or a 
standard plain cylindrical plug gauge 
of known dimensions, the effective 
diameter being calculated from the 
readings obtained. 

Universal Gear Testing Machine, 


The universal gear testing and measur- 
ing machine shown in Fig. 110 permits 
of testing under a light but constant 
contact pressure between the gear and 
a master, the pressure being adapted 
to suit the size of the work. A sensitive 
pendulum system is employed, the 
movement being transmitted to this 


X 
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system through a l(*\er arm which 
swungs m hall h(*armgs and acts at the 
extreme outer end of a second h‘ver, 
whereby the measuring pressure is 
applied. The pressure can be regulated 
by means of additional weights, ac- 
cording to the siz(* of the gear to be 
tested. 

The recording device is extremely 
sensitive. The chart paper is placed 
on a circular platen which can be 
e?isily turned and, since there is prac- 
tically no pressure between the chart 
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and the recording pen, the latter is 
free to record the errors with a high 
degree of sensitivity. 

The machine comj)rises two eon- 
centric tables, one above the other, 
the upper pendulum table swinging 
on bull bearings, while the lower table 



Kj(i 111 Rolling Trsi oj Smai i 
SpI U (Jl AI{S 

is stationary. W(‘ights secured to the 
under side of th(‘ lower table serve to 
turn the upper table m one direction. 
The gear to be test(*d is lield on an 
arbor mounted on the pendulum table 
and engages with the master gear 
which is held on the fixed table. If 
the master gear is slowly turned b\ 
hand, the gear to be tested is rotated 
at a eorrespeinding rate. Tooth errors 
of the gear due to incorrect involute 
flank form, eccentricity, or faulty 
dividing, cause this gear to change its 
centre distance from the fixed master 


gear. These changes in the relative 
position of the gears are indicated on 
a dial gauge and also recorded on the 
circular chart which revolves at the 
same speed as the gear under test. 
Two concentric tolerance circles show- 
ing the plus and minus limits are 
marked on the paper, and the rolling 
diagram plotted on the paper will be 
concentric with the tolerance circles 



Fu, IIJ Invouii Tisijn(. oj* Spin 
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as well as within the limits thereof 
if the gear is free from errors. The 
magnification or ratio of leverage at 
wdiieh the errors are transferred to 
the recording pen may be 50 to 1, or 
100 to 1, or 250 to ], depending on 
requirements. The correct distance* 
between the centres can be adjusted 
by means of precision gauge blocks 
and a mierometer dial. The machine 
is suitable for testing spur gears 
(Figs. Ill and 112) or helical gears 
(as in Fig. 110) and worm gears, 
various interchangeable attachments 
being available. These latter also 
include an attachment for testing 
milling cutters, and indexing plates 
for circular pitch. 
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Bevel Gear Testing Machine. A some- 
what similar machine to the afore- 
mentioned, .shown in Fig. 113, is used 
lor testing bevel gears. The lower 
circular table is stationary and carries 
one of the gears to be tested, while the 
other gear is mounted on a beam which 


and involute errors. For testing the 
angle between the axes at which the 
gear.s to be tested are mlling in perfect 
mesh, the lower table is provided with 
an angular graduation and vernier. 
Setting up IS effected by means of 
[irecision gauge blocks which are in- 
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c‘aii be pivoted about the axis of the 
table, which coincides with th(' vertex 
of the ^ear cone. The beam swings on 
ball bearings, the contact pressure 
between the two gears being varied 
by weights, as in the case of the 
previous machine. The amounts of 
the total errors are read from a dial 
gauge and can be recorded on a chart. 

Apart from testing the running prop- 
erties of the gears, the machine also 
serves to check face angles, deviations 
from nominal dimensions, and pitch 



Ft(. Ill A\i\t Hb \hin(. Fi a\ 
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serted betwe(‘n rehnaice surfaces on 
the bevel gear carriers and a r(‘fi‘r(Miee 
cylinder mounted concentrically wuth 
the cone vertices of the gears. For 
(|uantity tests a sj)ecial attaehnuait is 
available, employing dial gaiig(‘s for 
determining the d(‘viations from the 
nominal assembly dimensions. Another 
attachment serves for testing the pitch 
from tooth to tooth by means of 
special micrometer indicators. In prac- 
tice it is found that assembly costs^ 
can be reduced and noisy bevel 
gears eliminated by testing the gears 
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previously while rolling in mesh. The 
rolling diagram shows the total e rrors 
of the gears, and praetiee in reading 
such diagrams frequently obviates 
laborious examination of the individual 
teeth. 

The nature of the produet will, of 
course, largely determine the* types of 
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instrument to be ineluded in the 
gauge and tool measuring room. There 
is a large variety of instruments, two 
of which, by way of examples, are 
shown in Figs. 11 t and 115. 

Tool Stores 

In the interests ol genuine eeonoiny 
as w^ell as of eeonomy in time and 
labour, and also to ensure system and 
orderliness, tools and gauges used in 
the shops should be stored and issued 
in accordance with a plan w^hich 
checks both the number and type of 
tool or gauge, and to whom it is issued. 


To achieve this, a centralized tool 
store should be established in every 
shop. Its advantages are that tools 
an* not duplicated unnecessarily, every- 
one knows from w^here to obtain his 
tools and gauges, the minimum labour 
is recjuired to store them, and proper 
care and attention is ensurc'd. Every 
class of tool should be catered for in 
this way — milling cutt(*rs, reamers, 
drills, machine arbors, high-speed and 
t ungst(‘n carbide* tools. Milling cutters 
should be hung on stands, every one 
indexed, and a disc bearing the index 
numb(‘r hung on the peg supporting 
the cutler. Rosebits, cutter bars, and 
oth(*r items should be dealt with in a 
similar manner. Each type of tool 
should be kept separate, a distin(*tive 
disc corresponding to the particular 
t\ pe being fixc'd on the stands. 

Method of Issuing Tools 

A l)oard numb(*red with the opera- 
tors’ clock numbers and having discs 
with corresponding numbers should be 
located on one side of the stores, the 
ni(*thod of issuing tools being as 
follcn^s: When an ojierator recpiires a 
tool, he should quote his clock number 
and the name* of the tool or gauge 
required to the tool storekeeper, who 
will go to the board, take from it the 
disc bearijig the operator’s clock 
number, and place it on the hook 
from which he takes the tool required. 
The disc containing particulars of the 
tool should be removed from its hook 
and })laeed on the hook bearing the 
ojierator’s clock number, this ensuring 
that at any time the tools can be 
located and traced to an individual, 
whilst the number and type of tools 
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issued can be ascertained from the 
operators’ tool issue board. When the 
tool is returned, the corresponding 
disc should be removed from the 
number board in the operator’s 
presenee, and plaeed on its respective 
peg or stand, together with the tool 


strongly reeommended for extensive 
use in the tool room stores. They 
should be eonstrueted of six boards 
fixed on a central [lillar or column, 
which is fitted with ball thrust bear- 
ings to facilitate easy handling of the 
board'* to any desired position. If 
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itself if in good order. The disc bear- 
ing the operator’s number should be 
removc'd from the tool stand and 
r(‘fixed in position on the number 
board. In the event of the tool re- 
quiring sharpening or re])air, it should 
immediately be s(‘nt to the tool room, 
m which case a red disc sliould be 
placed on the respective tool })eg or 
stand. 

Revolving Tool Rack 

The adoption of revolving racks of 
the type illustrated in Fig. 110 is 


these boards are made, say, 4 ft 0 in. 

/ 1 ft. () in., one* rack will give* no 
less than 81 scj. ft. of storage space in 
a most aeeeptabl(‘ and c'omjiaet form. 
The boards should be fitted with 
brackets or hooks as recpiired for 
locating the drills, gauges, or other 
tools. 

Among the many types of tools 
handled in the tool stores, twist drills 
in particular are generally in constant 
demand, and therefore* it is desirable 
that such a system should be evolved 
for storing them, the storekeeper thus 
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licilig enabled to issue and receive 
any size ol drill in tlie minimum of 
time. The drilh may be grouped in 



I All JawH to be mode to B B 1 Bpecihcation 

1 17. Standarh Claw Spanner*? 


W~\ 

%r 


Sl7» of 
Kivot 

A 

B 

( 

I) 

K 

V 

G 

H 

J 

V 

r 

A' 

lA' 

A' 

r 


6' 

- 

1' 

r 

r 

A' 

ir 

A' 

r 

V 

6' 

1' 

V 

V 

H' 

A* 

lA' 

A' 

r 

r 

0' 

1' 

IP 

H* 

Ml* 

H' 

HP 

~A* 

i~ 

r 

fl' 

IP 

Ip 


progressive 
follows — 

1st 1U)W. Drills, si7.(*s in. to ^ m. 

2nd ,, „ „ ijin. to ||J in. 

2rd ,, ., ,, in. to { in. 

Uh ,, .. in. to Ig in. 

6tli „ „ 1 J ] in. to 2^^ in. 

The holding capaeity of one board will 
be not less than 100 drills. 


Fig. 118. Stanoakt) Cup Snaps 

I 

sizes on the board as 


Tool Shadow Boards 

A shadow board usually takes the 
form of a black board on which arc 
painted in white, or 

/o- some other contrasting 

^ colour, the outlines of 

the tools, e.g. all classes 
of spanners, which the 
board carries. If a tool 
u}^ is missing it can readily 

be seen of what type it 
^ is. The ever widely 

increasing adoption of 

tool shadow boards, not 

— p- only in the tool room 

but in all parts of the 
- factory, t(*stifies to their 

^ — practical utility. It is 

indeed an admirable 

RR*? . . , , 

praetiee to place a 
shadow board alongside 
each machine, and in 

^ I those factories where 

I this is done there is a 

— <“ 7 “^'^ noticeable tendency 

. I towards economy in 

^ tools, as well as tidiness 

^ in the shop. Where 

n desired the boards 

— may be arranged in the 

form of cabinets, with 
il_ doors of diamond- 

~ shaped wire mesh. 
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Tool Charts 

There is much to be said in favour 
of providing framed tool charts in the 
tool room. Fig. 117 shows a claw 
spanner, whilst Fig. 118 shows a cup 
snap for forming rivet heads with a 
pneumatic hammer. This practice 
tends to eliminate the necessity for 
any tools being “ made to pattern.” 
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JIGS AND 

Differentiation between Jig and 
Fixture 

There is, and always has been, a 
^reat diversity of opinion among 
engineers as to the relative meaning 
of tlie terms jig and fixture, and eon- 
sequently one reads various definitions 
and explanations of them. It will be as 
well to note the accepted definition. 

It can be said that a jig is a con- 
trivanec which is generally attached 
to the work to be machined, and takes 
the minimum of time to locate or to 
be attached to any particular job. 
The term jig is usually associated with 
contrivances used on drilling, milling, 
and boring machines. 

On the other hand there are two 
types of fixtures. The first is attached 
to a machine for the purpose of a 
])articular operation and becomes for 
the time ])eing an iiitegral part of the 
machine. It takes a much longer time 
lo locate than a jig but this does not 
mean that the original lines of the 
machine have been altered ; the ma- 
chine has only been supplemented. 
If, however, the appearance and 
Avorking parts of the machine have 
been permanently altered so as to 
bear no resemblance to th(‘ original, it 
is neither a jig nor a fixture, but an 
entirely new machine. 

The other form of fixture is not 
associated with machines. It is used 
to facilitate assembly operations, and 
at the same time to ensure interehauge- 
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abilitv of the assembled parts. Su(*h 
fixtures are increasingly and exten- 
sively used. In some instances it is 
necessary to change the position of 
delails which are being assembled 
and provision is frequently made for 
the fixture to be r(‘\'olved and set in 
any desired position whilst the details 
are still located within it, the utiliza- 
tion of ball thrust races making this 
a comparatively simple task even for 
heavy components (Fig. 19, Chapter 
III). Wl>erev(T fabricat(‘d details arc 
being prepared, the use of a fixture 
would appear to be mdis})eusable, yet 
it does not follow that it is necessary 
always to design a fixture specially for 
what may be only a limited number 
of items. Temporary modifications 
can oft(‘n be made to a standard fixture 
thus permitting of a still wider range 
of work. 

Many instances arise where a jig 
and fixtun* are used in conjunction 
with each other, and som(‘times it is 
extremely difficult to say whcrc^ one 
begins and the other finishes. 

Jigs and fixtures are only synony- 
mous inasmuch as they are both 
designed to facilitate machining and 
other o|)erations, and to reproduce 
multiiile parts accurately and cheaply. 
It is generally conceded that in 
factories where jigs and fixtures arc 
the rule and not the exception, 
machine setting-up is reduced to the 
lowest possible time. Another point is 
143 
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that if a jig or fixture has been ])ro))erly 
designed, it is frequently possible to 
employ a serni-skillcd operator who 
will perform the same work with as 
much accuracy as would a fully rated 
craftsman working under the same 
conditions. 

Advantages of Jigs and Fixtures 

The outstanding advantages to be 
derived from the use of jigs and 
fixtures can broadly be described as 
Ibllows-- 

(1) Accuracy and interchangeability 
of details arc ensured. 

(2) Production is eh(‘apcned. 

(8) It is frccpicntly possible to use a 
less skilled operator on manufacturing 
and f)roducti()n work. 

(1) Fitting is eliminated and the 
introduction of ass(*mbliug methods is 
effected. 

Such disadvantages as do exist may 
be summed up briefly in the follow- 
ing— 

(1 ) The use of jigs and fixtures does 
not encourage individual ingenuity, 
skill or resource*, except for those few 
who are engaged in their manufacture. 

(2) To take full advantage of jig 
and fixture methods additional over- 
head expense's are ineairreel. as it is 
essential to employ men who have hael 
a speeialize'd training in theur design. 

(8) Unless the jigs and fixture's are 
designed rightly, the results are likely 
to be as elisastroiis as if they were ne)t 
made eorreetly. 

The advantages e)f jig and fixture 
work over that elone uneler ordinary 
conditions are manifold. For instance, 
with a radial elrilling machine, by 
using a hardened steel bushed jig it is 


possible to drill threiugh an almost 
unlimited number of pieces of plate 
with the certainty that the position 
and size of the holes will be as correct 
as possible. No marking out is neces- 
sary and no clamping, as when the jig 
itself is clamped, especially in cases of 
box, angle, and frame jigs, it is only 
necessary to drop the work into its 
proper position and run the drill 
through. It is impossible for the oper- 
ator to pick up a larger size drill and 
inadvertently use it for the job, as It 
would not go into the hardened 
bushing. This in itself is a cheek. 

Points in Design 

The first point to be considered is 
the prime cost of a jig or fixture in 
relation to the number of pieces to be 
machined or assembled. It sometimes 
occurs that, although the pieces to be 
machined are numerous enough, a 
detailed estimate of the pro{)osed jig 
shows that the cost of making and 
maintaining it would exceed the profits 
of a quicker and cheaper output, and 
the outlay would not be justified. In 
such a ease, to make a jig would be a 
waste of time and money. Another 
point is its intrinsic value. It is not 
only the actual time and money that 
the use of a jig or fixture saves on any 
particular job which makes it a good 
investment, but the fact that, by 
using it, the time saved will allow a 
machine to be earning money on other 
work. There is no doubt that work 
performed by the use of jigs and 
fixtures, besides being more accurate, 
is done in the majority of cases in 
appreciably less time than would 
otherwise be taken. 
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With jigs and fixtures, as with 
everything else appertaining to engin- 
eering, the design is fundamentally 
important. Every part should be 
designed with great deliberation and 
tliought, and particular attention 
given to details. There is no need, 
however, for unnecessary elaboration 
causing needless expense. Again, the 
general workmanship and finish re- 
(juire to be of the very best character, 
cNcry possible care and precaution 
being taken to ensure the maximum 
amount of accuracy and elliciency 
and the miniiiium amount of expen- 
diture. Where the manufacture of jigs 
and fixtures is more or less continuous, 
the ])urchase of a jig boring machine 
will be fully justified. 

To summarize, the chief points are 
simplicity of construction, cheapness, 
durability, lightness, accuracy, facility 
for handling, and, above all, reliability. 

Preliminary Analysis 

Whenever the introduction of a jig or 
lixture is contemplated, it is of great 
a(hantag(‘ to piovide an answer to 
( aeh of the following questions. Where 
the word jig occurs, it will be appreci- 
ated that, in many instances, the 
term lixture is also applicable. 

(1) Does the job need a sj)ecial 
d(‘vice? 

(2) Is the job likely to recur? 

(3) What is the time expected to be 
saved by designing a special appliance, 
and will this saving compensate for 
the outlay? What allowance is n(*ees- 
sary for maintenance? 

( 1) Can the jig be so designed that, 
while the machine is working on one 
piece, the operator can be setting up a 


second, third, or fourth piece, and, if 
so, will the extra cost involved be 
more than covered by the time and 
money saved? 

(5) Is it better for the work to go 
on the jig, or the reverse, supposing 
either way is possible? 

(6) How light and portable can the 
jig be made without reducing its 
strengt h ? 

(7) Will the locating of thi jig 
occupy so much time that the machine 
will long r(‘main idle, and, if so, will 
this loss of time* lu* compensated for 
by that saved in machining? 

(8) Will the cuttings or borings 
made during machining operations so 
clog and foul the jig as to render its 
clearance a frequent and/or lengthy 
operation before* further dedails can 
be insert(‘d? What arrangements can 
be made to prev(*nt this clogging, or, 
if not preventable, to allow the* cut- 
tings to be removed with the least 
possible delay ? 

(9) Are ample provisions being made 
to ensure the cutting compound reach- 
ing the point of the* cutter easily? 

(10) Will it be cheaper to do the 
job without an\ special appliance, 
having regard to the time taken with 
and without a jig, as w(‘ll as to the 
cost of making and maint(*nanee of 
the latter? 

There are, of course, many other 
points to be consid(‘red in jig and 
fixture design. Both jigs and fixtures 
should always be made strong enough 
to enable the machine on which they 
are to be used to be worked to its 
utmost capacity, without there being 
any danger of their br(‘aking or 
becoming distorted^ 
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It should be appreciated that 
machining time is not nearly so im- 
portant as “floor to floor” time, and 
it is in this latter connection that 
correctly designed jigs and fixtur<\s can 
materially assist in ensuring that 
“floor to floor” time is the minimum 
possible. Another important point is 
to construct the jig in such a manner 


S 

SLIP BUSH 



JIG BUSH 


B 

Fju. ini. SLtP Bush for Drilling Jig 

that it is impossible for the operator to 
make a mistake by placing the work 
in the wrong position. This mistake 
can and does sometimes happen, and 
is generally due to bad design. 

“ Don’ts ’’ for Jig Designers 

(1) Don’t attempt to make a jig 
bei'ore you have studied it thoroughly 
from every possible point of vi(‘W — 
feasibility, utility, ])racticability, and 
cost in relation to the job for which it 
is intended. 

(2) Don’t elaborate. The simpler it 
is the bett(T. 

(8) Don’t make a single jig if it is 
possible to utilize a double* one. 

(4) Don’t make your bushings so 
shallow that the drill or cutter is not 
properly guided. Much unsatisfactory 
work arises from this cause. 

(5) Don’t forget to provide facilities 
for the* chips to fall clear or be easily 
removed. 


(6) Don’t forget to make adequate 
provision for flooding the tool point 
with compound. It saves constant 
re-grinding. 

(7) Don’t make a jig unnecessarily 
heavy or unnecessarily light. Both are 
wrong. 

(8) Don’t forget to make your jig 
“fool proof.” Inattention to this im- 
portant detail may lead to disastrous 
results. 

Slip Bushes 

The use of hardened slip bushes, 
illustrated in Fig. 119, frequently 
avoids the necessity of having more 
than one drilling jig of a similar type. 
If a smaller hole is required than the 
usual one D for which the jig is de- 
signed, then all that is necessary is to 
insert temporarily a slip bush S into 
the permanent bushing to give the 
size of hole cl desired. On the other 
hand, if the smaller size of hole d is 
generally needed, but occasionally the 
larger hole D is needed, the jig should 
still be designed to take the slip bush 
S. This latter will then be used for 
no^'inal working, but when the larger 
hole 1) is necessary the slip bush will 
be removed and the drill inserted 
through the hole of the hardened fixed 
bush B. Slip bushes should be a good 
push lit, ^ and as far as possible should 
have standard proportions. 

Practical Examples 

It will be helpful to give a few 
examples of jigs and fixtures which 
have occurred in recent practice. 

Drilling Jig. Fig. 120 shows a 
double vee-block jig for drilling cotter 
holes in round bars and pins on a 
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scMisitive drilling machine. The two 
vee-blocks, A and B, can be moved 
along the circular mandrel C and 
locked in the desired position by the 
set screws D and E. The endplate ¥ 
provides a stop for the work piece if 
required and also serves as a handle 
for steadying the jig when the actual 
(irilliiig is being performed. In some 



eases the head of the pin is made to 
abut on the outer face of the vee- 
l)loek A instead of using the endplate 
as a stop, but in either ease the posi- 
tion of the vee-bloek li, and hence the 
drill guide G, ensures the cotter hole 
being drilled in the correet position. 
The work piece is clamped down by 
th(‘ thumb-screw To prevent rota- 
tion of the jig by the drill a spigot 
J is provided which engages with a 
slot in the drill table. This jig is 
suitable for work of various diameters 
within a limited range, such as from 
4 in. diameter to l|in. diameter. 
For the extreme diameters compensa- 
tion is provided by the stirrups K and 
L being moved vertically in their 
slides and locked by the four set- 
screws S. 


Boo' Drilling Jig. Fig. 121 shows 
diagrammatieally a principle which 
can be applied in the use of a box 





Kio 122. Ki.nvATToisr and Plan of Box 
Dkillino Jig 


drilling jig (a ])lan and elevation of 
which arc illustrated in Fig. 122) in 
order to drill at various angles. The 
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box jig is used for the insertion of the 
circular grooves, M, in the six-roller 
tube expander cage, K, shown in 
Fig. 123. The expander cage is in 
the condition shown in Fig. 124 
when the grooving is eoninieneed in 
the box jig. 



Fid. I2U. Srx-idH.i.KK TdiiK Fxi'andkh 

(’Ad 10 

Il('f(‘rrinK iiguiii to Kifj. 121, it should 
b(* not(‘(l that tiu* top A and the bottom 
B arc both inclined, the bottom B 
being a “ loose ” piece which is attached 
to the block C for the second scries of 
operations. The sloping top A gives 
the feed to the rollers, whilst the sloping 
bottom piece B allow\s for the tapered 
plane of the rollers. In this instance 
the grooves have a lead angle of 1 in 
88 (right-hand) whilst the rollers arc 
tapered 1 in 86. The mandrel L 
and the bore of the cage are both 


tapered 1 in 25, and the largest end 
of the rollers is remote from the 
end of the cage at which the mandrel 
is inserted. 

Referring now to Fig. 122, the 
expander cage, shown by chain-dotted 
lines, is placed in the box drilling jig 
T) and locked in position by means of 
the swinging locking plate K, and the 
two wing-nuts F and J. After the 
first groove hole in the (*age has been 
drilled through the hardened drill 
guide //, the wing-nuts on the studs 

rn 

\ — — n 

I I 
I I 
I I 
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« I 
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I I 

Fi(i. 124. Kxpandjoh ('a(ji-:, iikfokio 
(i!ii<)()ViN(4 IN Kox Drilling Jio 

Fand J are unscrewed and the locking 
|)late swung back. Th(‘ ('xpander cage 
is then movc^d round so that the 
locating peg G will drop into the hole 
drilled in the eag(‘. TIu* opcTations 
previously d(‘seribed are now rep(*ated 
and the sc'cond hole is drilled in the 
cage, the correct pitch of the holes 
being ensured by the relative positions 
of the drill guide II and the loeating 
peg G. The remaining four holes are 
drilled by repeating the operations 
described. 

The second series of operations is 
carried out in a similar manner. The 
loose bottom piece B is fitted and, 
using the same drill as before, the 
grooves are tapered slightly in order 
to accommodate the tapered rollers. 
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It will be appreciated that the “lead” 
angle of 1 in 33 is maintained when 
the loose bottom piece is fitted, but 
the drilling runs tow^ards the centre 
of the cage and by doing so makes 
the groove larger at the bottom than 
at the top of the cage. The bore 
for the mandrel is provided after the 
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six roller grooves have been eompl(‘ted. 
Three small grub-screws N fasten the 
eap (not shown) to the expander cage 
and so ke€^p the rollers in [)osition. 

Combined Jig and Fijcfure. Fig. 125 
shows a drilling jig j)late and a com- 
bined jig and fixture for drilling and 
boring the guide easting on which 
the marking out is entirely eliminated. 
After the casting has been planed on 
the faces D, E, and G, it is placed 
on the drilling table in an inverted 
position and the jig plate B is dropped 
on to the faces D and E, The six 

la— {B.354) 


outer holes are then drilled. The final 
operation is to bore and counter-bore 
the hole //, and the combined jig and 
fixture C is used for this purpose. 
The casting is placed on the fixture so 
that the faces D and E rest on the top 
of pillars J and /i , and locating pins 
are then passed through the middle 
outer holes of the casting and the 
holes L and M, The hole N acts as a 
seat for the boring bar guide biish. 



Fig. 120 . Spheiiigal Internal Boring 
Fixture 


Internal Boring Fijctnre, Fig. 126 
shows a fixture in the form of a 
spherical internal boring attachment 
as applied to a vertical boring machine. 
The machine has two heads — 
capable of vertical feed, and B^ 
capable of horizontal feed. The rota- 
tion of the tool C, for spherical boring, 
is achieved by means of a train of 
pinions the uppermost of which, A is 
rotated by the rack E, The article 
operated upon, F, is clamped to the 
table G which rotates in the usual 
manner. To produce spherical boring 
the head A is kept stationary while 
the head B is fed horizontally. 
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Templets 

A templet generally takes the form 
of a flat piece of sheet metal or plate 
of a thickness and size suitable for 
the work in hand, and is cut to the 
required profile. Templets are ex- 
tensively used in the smithy for the 
guidan(*e of the smitli ; in the machine 
shop to eliminate the costly hand 
operation of marking out ; and on 


f I 



Fio. 127. IJiruNiNO out 'I'empltit fok 
Shaft 


oxy-acetylene and oxy-coal-gas burn- 
ing out machines where the tem- 
plet is used as a former, along the 
edge of which an electro-magnet runs 
with the burner following the same 
path whilst operating on the billet or 
plate. 

Sometimes, as in the example shown, 
Fig. 127, a templet is used to great 
advantage in conjunction with a 
burning out machine to jiermit of a 
smaller billet of material being used 
and to reduce the amount of smithing 
necessary. The illustration shows a 
shaft with two arms, the billet from 
which the shaft was made being 
originally of rectangular shape. The 
full lines show the contour obtained 
on the burning out machine by the 
use of the templet, and the chain- 


dotted lines show the shaft after the 
arms have been “drawn out” in the 
smith shop to the position required. 

Former Plates 

Milling machines in particular make 
extensive use of former plates. These 
former plates, which are cut to the 
profile of the component to be milled, 
are securely clamped to the machine 



Fia. 128. Rapid Acttnci Toggle Clamp 


table and arranged to direct th(' tool 
holder as required. 

Rapid Acting Toggle Clamp 

There are many well-known types 
of clamp in use, though perhaps none 
which has a greater application than 
the rapid acting toggle clamp illus- 
trated in Fig. 128. This particular 
example is designed to deal with a 
specific work piece. With the clamp is 
combined a detachable drill guide A. 
The principle of the rapid acting clamp 
is shown in views B and C. In the 
main view the work piece, which is a 
lever with thick boss and cranked arm, 
is shown chain dotted. Before clamp- 
ing, the work is forced against a bed 
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piece D by the thumb-screw E, 
Rotation of the work is prevented by 
two stops, one of which is shown and 
marked F. To obtain a clamping 
effect of adequate power without the 
need for applying excessive force on 
the handle K, it is necessary to adjust 
the height of the clamping head G by 
means of the nuts H and J. An easy 
pull of the handle quickly raises the 
clamping bar L clear of the work. 
The clamping device itself may be 
removed from the bedplate as a unit 
and may then be applied to another 
fixture if desired. 

Handling of Jigs and Fixtures 

Too much stress cannot be placed 
on the handling of jigs and fixtures, 
this being quite as important as 
designing them. It is perhaps especi- 
ally noticeable in the case of drilling 
jigs, where there is a number of 
bushings. As soon as it is noticed that 
the bushings have become worn 
through constant use, and this alw^ays 
happens eventually (chiefly through 
the chips passing up the grooves of 
the cutter and rubbing against the 
bushing sides), the bushings should be 
changed. If this is not done, the cutters 
or drills can move from side to side 
and possibly ruin what, with a little 


care and forethought, would have 
been a perfect job. It is a good plan, 
in the case of jigs and fixtures in 
constant use, to keep a number of 
spare bushings handy for immediate 
replacement. 

Another important point is cleanli- 
ness. It does not matter how good 
and accurate a jig may be, its accuracy 
will be greatly impaired if it is allowed 
to get dirty and remain so, chiefly 
from an accumulation of grit and 
cuttings. This is especially noticeable 
in the case of jigs used on east iron. 
The fine dust, if allowed to accumulate, 
very quickly solidifies, and work that 
should sit squarely on the set provided 
for it does not do so, with the result 
that it may have to be scrapped as 
unsuitable, resulting in loss of time, 
labour, and rhaterial. This is one of the 
most frequent causes of failure, and 
the mistake is not usually discovered 
until the job gets to the hands of the 
erector. Only those who have had the 
misfortune to experience these things 
can fully realize* the endless trouble 
caused by such carelessness. All jigs 
should be given a distinctive number 
and a register maintained for them. 
On the completion of a job they 
should be returned to the stores to be 
overhauled and thoroughly cleaned. 
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There are, in the British Isles, over 
six million people employed in in- 
dustry, this number representing one- 
seventh of the totnl population. Of 
these, some four million are men and 
boys and the remainder women and 
girls, giving a proportion of 2 to 1. If 
we classify factories into seven cate- 
gories, according to tlu* number of 
employees, we get the approximate 
figures given in Table XIII. 

Wiiilst it may b(‘ possible* to stand- 
ardize machines and equipment within 
the factory, there would aj)i)car to be 
no such possibility when tlie human 
element is under (‘onsidcration. For 
this reason alone the ])crsoimel depart- 
ment must always be organized on 
sound lines. 

Functions of Personnel Department 

The chief functions of a personnel 
department arc tenfold. They are — 

(1) To draw uj) the conditions of 
employment, rates of j)ay, and super- 
annuation schemes. 

(2) To fill vacancies as and when 
they arise, to arrange transfers and to 
control staff reorganization schemes. 

(8) To maintain all staff records and 
compile statistics relevant to the 
entire personnel of the factory. 

(4) To be thoroughly conversant 
with the requirements of the Factories 
Act, National Health Insurance Act, 
Unemployment Insurance Act, and 
Workmen’s Compensation Act, and 


to put the regulations of these various 
Acts into operation. 

(5) To register agreements with 
trades unions and ensure that they are 
honoured. 

(6) To record the business trans- 
acted at meetings of works and shops 
committees. 

TAHLE Xill 

Classification oi Kactoiucs in (iBeat Britain 

ACCORDING TO ENGAGED 




1 

No. Employed 


No ot 

No of 

Expressed as 

(Hioup 

Employ (M>s 
in Factory 

Factories 

a Percentage 
of Total No. 




in Industry 

i 

1 

1 25 

110,000 

13 

2 

2() 50 

13,000 

8 

3 

61>-10() 

9,000 

11 

4 

101-250 

8,000 

20 

5 

251-500 

3,000 

10 

6 

501-1,000 

1,000 

13 

7 

1,001 and 

000 

19 


upwards 



Total . . | 

14i,000 1 

100 


(7) To prepare and issue all instruc- 
tions and circulars relevant to the 
staff, e.g. disciplinary scheme and 
educational courses. 

(8) To "provide amenities for the 
staff. 

(9) To stimulate welfare work and 
regulate works’ benevolent funds, 
voluntary collections and charity 
appeals. 

(10) To deal with accidents and 
take precautions against them. 

The control of the personnel depart- 
ment should be vested in an officer 



PERSONNEL 


153 


who is well versed in human nature, 
who combines resolution with impar- 
tialitv and fairness, and who whilst 
being tactful and considerate always 
acts in the best interests of his firm 
without causing offence. lie must 
give emphasis to these qualities by 
his actions, thus encouraging his staff 
to act similarly. 

Cionditions of Employment 

The general conditions applicable 
to all employees, regardless of grade, 
will require to be drawn up on the 
lines of the following - 

(1) T1h‘ naiiio and address of eaeli eni- 
])lovee nnist be recorded in the olliec* <n‘ shop 
to which iie is attached, and any change of 
address must be at once notified. 

(2) Employees must attend at such hours 
as may be required, pay prtanpt obedience 
to persons plac(‘d in authority over them, 
conform to all the rules and regulations en- 
forc(*d by the firm, and must not engage in 
trade apart from their r<*gular employment 
with the firm. 

(2) Every employee must assist in carrying 
out the rules and regulations of the firm, and 
must immediately report to Ids hU])erior 
onic(*r any infringemtuif t Iieivof, or any 
occurrence which may come under Ids mdice 
atT(*cting safe and prop(‘r working. 

(4) Any employee may, from tim<‘ to time, 
b(‘ r(*quired to undergo medical, })ractical, or 
educational examinations in accordance with 
the regulations in force. 

(f>) Employees absenting themselv<*s from 
duty for more than one day from any cause 
whatc3ver must notify their superior officer, 
stating the reason of their absence. In the 
event of such notice or doctor’s certificate* 
i»ot being received on the third morning of 
absence these employ(*es may be considered 
as having left the employment of the firm. 

(0) Employees must, if required, make 
good any article provided by the firm when 
<lamaged by improper use on their part. 

(7) Employees must not — 

(а) appropriate to their own use any 
property of the firm. 

(б) waste or wantonly destroy stationery, 
stores, or any other property of the firm. 


(8) Tools or any articles for private use are 
not allowed to be made in the worksliops. 

(9) The firm may at any time- 
(fi) dismiss without notice, or 

(b) suspend from duty and, after in- 
quiry, dismiss without notice*, or 

(e) suspend from duty as a disciplinary 
measure an (*mjdoyee of the firm for any 
one or more of the following offences, viz. 

(i) being in ])oss(*ssion of or under the 
influence of intoxicating liquors whilst 
on duty. 

(n) disobedience of orders. 

(iii) misconduct or m'gligemv 

(iv) absence from duty without leave. 
An employe!* so disitiissed forleits any 

right to notice and also any right to wag(*s 
for any period subseiiuent to the ccnn- 
plet!*d \\!*t‘k preci*ding his dismissal, or 
prereding his susjienwion IVom duty prior 
to dismissal, as th<‘ cas<* may lx*. 

(10) No em])loy(‘(‘ shall 4*\jx>s(* hims(*lf to 
dang<‘r, and lx* must pi*ev(‘nt as fai* as 
possible such (‘\jx>sur(* on the jiart ot' other 
em])loy«“*s and spari* iXMtpportunit y of wai’ii- 
ing those who neglect to tak(‘ ])rojK‘r care, 

Heckh'ss <*\posurt‘ of hims<*ll oi* others to 
danger, on tlx* T)art of any (*niploy(‘(‘, is^an 
offence against tlx* rult*s of tlx* tirm, and will 
be dealt with accordingK . 

In addition to thest* ^( noral rnlos, 
there may be many eonditions of 
serviee applienide to pjirtienlar grades. 
A eopy of all tlie rules and eonditions 
of serviee should b(‘ hand(‘d to every 
employee uj)on engagement, a eertili- 
eate of ae(*eptanee ])eing obtain(*d on 
the lines of the* following - 

J hereby ackrx»wle<lge that I hav«* lx‘en 
su]>pli(*d with a C!q)V of tlx* i*ul(*s of the 
firm, aixl do Ix‘!*eby und(*rtake to abide 
by tlx* said rules in (*very resp<‘ct, and 
all other rules and legulations that may 
from time* to time* be issued tor tlx* 
guidance* eif tlx* firm’s e*mph»ye*e*s. 

Signature* of emple)ye*e* 

Date 19 

Rates of Pay 

A base rate is the flat rate of pay 
applicable to a grade and is indepen- 
dent of any bonus which may be 
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earned* In the case of manual workers 
base rates are generally agreed be- 
tween the respective trades unions and 
the employers’ federations. There are 
various rates for each grade in different 
parts of the country, these differences 
being due to the influence of both 
local and national agreements. When- 
ever a rate is in disjiute and agreement 
cannot be reached between the parties 
concerned, the matter is referred to 
the Industrial Court for an indepen- 
dent decision. 

It is a common practice to apply a 
differential rate of })ay to certain 
grades of opiTators. In the case of a 
craftsman it may be due to his work 
being mor(‘ arduous, or of a better 
class than that of the average man in 
his grade. With some grades a differ- 
ential rate of, say. Is. is applied after 
the first twelve months’ service in the 
particular grade, an increase which 
may be repeated at the end of the 
second and even the third year. 

Charff emeu's Differential Rates, A 
chargernan is a shop (*mployee who 
controls a number of men, but does 
not usually enjoy staff status. By 
way of a basis, a scale such as the 
following miglit be considered equit- 
able for him. 


HtAFF ('ONTIIOLLED 
5 or leas 
0 io 10 
11 to 15 
10 to 25 
20 to 40 
Over 40 


Difffkentjal 

Is. 

2s. 

Os. 

48. 

5s. 

6b. 


An interesting point arises in con- 
nection with chargemen’s differentials. 
It is possible to have a chargernan, 
controlling only half a dozen men, who 
is required to use considerable ingen- 


uity in the execution of his duties, 
whereas another chargernan in exactly 
the same grade, who is controlling 
fifteen men on work of a straightfor- 
ward and routine character, is receiv- 
ing more money. Again, there are 
chargemen whose daily duties unavoid- 
ably embrace initial examination as 
well as finished work inspection. Such 
men are clearly in a position to spend 
a firm’s money wastefully without 
anyone being the wiser. Having 
regard to such cases, to assess the 
relative value of a chargernan merely 
according to the number of men 
controlled is not entirely satisfactory. 
It would be perfectly logical, there- 
fore, to introduce a “degree of respon- 
sibility” factor, which is distinct and 
separate from the number of men 
controlled. To facilitate the applica- 
tion of this, only one factor, equal, say, 
to 1*5, should be applied in those 
special cases which are considered to 
merit it. This would mean that, in the 
event of a chargernan controlling ten 
men, for which the normal differential 
is 2s., this amount would be multiplied 
by 1’5 if the chargernan’s responsi- 
bility warranted it, thus giving a 
differential of 8s. 

Cost of Living Bonus, The “cost of 
living” bonus must not be confused 
with premium bonus hours or piece- 
work balance, a full explanation of 
which is given in Chapter XIX. It is 
a fixed allowance subject to periodic 
alteration and, like the base rate, 
payment is made according to the 
hours worked (or equivalent hours 
worked), e.g. if the “cost of living” 
bonus is 10s. per week for an operator 
who normally works 47 hours, and the 
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Day Shift 


Ordinan/ 

Overtime 

Kxtra for 

Time 


Overtime 

Hrs. 

Hrs. 

Hrs. 

47 

o 





Night 

Otdinary 

Overtime 

Extra for 

Tijve 


Night Dutif 

Hrb. 

Hrs. 

Hrs. 

4r) 


1.6 


operator only works half the week, he 
will receive 5s. This amount is not 
added to the base rate in computing 
the piecework balance to be paid. 
\bove are shown two examples of 
weekly wages received on the assump- 
tion that in each instance the operator 
has a base rate of 47s. for a 47-hour 
week, i.e. Is. per hour, irrespective of 
pieecvork balance, ])lus 10s. “cost of 
living” bonus for 47 hours. Overtime 
on the day shift is assumed to be paid 
at time-and-a-quarter, and on the 
night shift at time-and-a -third. 

Question 

To what extt»nt were the Htaiidard weekly 
hours reduced at the end of the Great War? 
By what percentage were time raU»s ]m*i* 
week concurrently increased ? 


Hy w^hat percentage were pi(»ce rates con- 
currently increased? 


Total 

Hrs. d. 

49| (ti 478 (Base rate) . . 49 6 
49| {a lOs. (Cost of living bonus) 10 6 

60 0 

Shift 

Total 

Hrs. 8. d. 

60 (a 478. (Base rate) . . OO 0 
60 lOs. (Cost of living bonus) 12 9 

72 9 

Problems of the Working Week 

The working week is a contentious 
question which is liable to be brought 
up periodically for revision. It will, 
therefore, be interesting to show the 
major problems confronting the em- 
ployer in such circumstances. Take 
the ease of a factory where the 
employees are at present working 47 
hours per week and where they have 
made a request for a shorter week of 
40 hours. The following will probably 
constitute some of the employer’s 
self-imposed cpiestions and answers- - 

An'^w kk 

The hourw were alt (‘red from 64 liours to 
47 liourH per week. 

None of the weekly rates was altered. 
Accordingly the rates per hour were* 
increas(‘d by 16 per cent in the case of 
employ(‘eB not paid by results. (The 16 per 
cent is obtained as follows: — 116 per 

cent. ) 

If jnecework. Existing piecework prices were 
not altered, but new prices were of necessity 
higher by comparison t o the extent of 1 6 
per cent. 

If premium bonus. The basis times were not 
altered, lienee there was an increased cost 
of 16 per cent on the hourly rate of 
working. 
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Question 


What effoct had those changes on hourly 
output of time workers? 


What effect did these changes have on 
hourly output of pi(‘ceworkers ? How far 
did jdeeeworkers, particularly where piece 
rat<"s were not incrt‘as(‘d, speed up work 
and maintain their ijrevious output in 
order to maintain tJieir pr(*viou& earnings? 

If a 40-hour week werc‘ ado])ted or, in the 
case of continuous shift industries, a 
shorter shift, could the present output he 
maint ained ? 

What (‘xtra ])(*i’C(‘ntage of tiineworkers 
wouhi he r(M|uired to maintain present 
output ? 


Assuming the jnaint<*nanc(* of the present 
output hy taking on tlie additional 
(*iriploy(‘(*s, would it lx* t(‘chnically and 
administratively possihU*, (pute apart from 
(piestions of extra cost, to adopt shorter 
daily hours? 

W^hat ]K‘rcentag<‘ increase of wages cost 
would he involved it time rates i)er hour 
work(‘d and piece rates w(*i*(* not incr(‘ased ? 


What percentage increase of wages cost 
would be invtdved if time rates jier hour 
worked and jiiece rat(*s w'(*re increased in 
proportion to the reduction of hours? 

What percentage increase in social charges, 
voluntary pensions schemes contributions, 
etc., would he involved? 


W'^hat would he the effect, expressed as a 
percentage', on running costs, e.g. fuel, 
power, and light? 


Answer 


It is considered that in the case of time 
workers the firm lost 7 hours per full 
working week for every one in that cate- 
gory, except in those few cases where they 
were of necessity obliged to complete their 
work week by week. 

Pi(*c<*worker8 speeded up their work enabling 
them to earn almost the same amount of 
wages per we(‘k. 


Yes, with additional staff, amounting to /x, 
of the present staff. 


Practically the whole of the staff is working 
on payment hy results, therefore the 
number of additional timeworkers required 
would probably be confined to the main- 
tenance' staff, and would represent 1 per 
cent of the total staff. 

V(‘s. It would bo necessary to adjust the 
pr(‘sent working day of 8 lir. 30 min., i.e. 
8 a.m. to 12.30 p.m. and 1.30 p.m. to 
,5.30 p.m. (Saturday 8 a.m. to 12.30 p.m.), 
to 8 hours per working day, i.e. 8 a.m. to 
12.30 p.m. and 1.30 p.m. to 5 p.m. with 
no Sat urday working. 

1'hei‘e would be no change in the wage bill 
as the pres(‘nt output could be ensured by 
introducing more men whose wage bill 
would balance the lost time of those 
already in cunployment, e.g. if 1000 men 
working 40 hours per week give a certain 
output , then there is no increase in wages 
paid, providing the hourly rates arc not 
"changed, if the same output is obtained 
by working 2000 men 20 hours per week. 

An increase of /o which equals 17*5 per cent. 


If National Insurance and Unemployment 
Jlenefit schemes are to be regarded as 
social charges then there would be an 
increase of Is. 7d. per adult worker taken 
on as additional staff, and in the aggregate 
this is equivalent to 17’6 per cent increase 
in social charges. 

It is not considered there would be any 
appreciable change in running costs except 
where an additional shift was instituted. 
The additional costs incurred by this 
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Qitestion 


Would there be a t(‘ndency for any increased 
cost of i)rodii(*iion to lead to further 
mechanizatit)n and rationalization in order 
to neutralize the increased cost and so 
reduce tlie number employed? 


Selection of Staff 

In choosing u new emj)loyce the 
personiK'l department is governed 
two considerations: (1) that of finding 
the individual most suitable for the 
work, and (2) that of securing an in- 
dividual who is likely to remain with 
the firm and so help decrease the 
loss(*s due to too big a labour turn- 
over — losses which are not always 
aj)preeiated as they should be. 

If a candidate for any position 
which has become vacant, or is shortly 
to become vacant, has been attracted 
by an advertisement in the daily Press 
or in technical journals, by personal 
contact with another employee who 
is aware of the vacancy, or if he is 
recommended by the University Ap- 
pointments Board, there remains only 
one satisfactory method of selection 
after all the preliminaries have been 
settled. This method is by interview 
— ^the acid test which has no counter- 
part if it can be rightly assumed that 
the interviewer knows his job. 

For any vacant minor position 


Answer 


latter, however, would be partially nulli- 
fied, particularly with regard to lighting, 
by employees on the day shift finishing 
work at 5 p.m. instead of 6.30 p.m. 
I’rogressive schemes are continually being 
iniiiated, and these would definitely tend 
to ru'utralize the inci’eased cost by reducing 
the number of employees. In certain work 
t.he introduction of ch(*aper material would 
cheapen the manufacturing costs without 
effecting any reduction in staff. Tn the 
event of there being an increast* in the cost 
of production t/h(U’e would be no grcatx'r 
tendency for m(*chanization, as it is con- 
sidered that no more could be done in this 
direction than is being done at the present 
time. 

which occurs in the sho})s, it is possible 
to draw up a standard a])])lication 
form. This should include name, age, 
and address, also such particulars as 
period of apprenticeship and where 
served, subsccpiciit positions held, 
technical training r(‘cciv(‘d, certificates 
obtained, and h(‘alth rc(*ord. A sug- 
gested form is illustrated in Fig. 129. 
When these forms have been com- 
pleted, giving all the essential informa- 
tion, the interviewer should compare 
and contrast those of the different ap- 
plicants, after which he should arrange 
to sec in turn those whom h(‘ considers 
arc the more likely candidates. 

Interviewing an Applicant, The per- 
sonnel dei)artment has to exercise 
great tact not only in the method of 
selection of candidates for employ- 
ment, by ascertaining from the candi- 
date those points which are essential 
for consideration, but in the method 
of rejection of unsuitable applicants 
so as not to create any ill-will 
towards the firm. There can be no 
standard method of interviewing. Each 
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APPLICATION FOR EMPLOYMENT A8 A TRADE APPRENTICE 
(To be filled up in applicant’s own handwriting.) 

Applicant’s Pull Name 
Pull Address 

Age Years Born Height without boots 

Pull name, address and occupation 
of parent or guardian 

Schoolw attended and length of 
time at eacii 

Particulars of studies, examinations, and certificates obtained — 


Is your health good? Is your sight good? 

Is your hearing good? 

Have you ev(‘r been injured, subject to fits, or operated upon? 

If so, state wh(*n and giv<‘ particulars 

Have you any b<Klily defect or infirmity? 

If not at school, state how occupied since lc‘aving 
Perttonal Reference, 

Give nam(» and full address of someone who has known you for at least 12 months to 
the present time, and who would answer inquiries regarding your pcu-sonal character. 

N,R. -Th<* name of a relative cannot be accepted. 


Applicant’s signature Date 

Fia. 129. Standau!) Application Form (Suitable for Trade Apprentice Applicants) 


candidate must be treated in a different 
manner, and in a way which seems 
best to fit the occasion and to reveal 
those points of character and capa- 
bility pertinent to the vacancy which 
has arisen. Important factors which 
will influence the ultimate selection 


are the candidate’s mental and phy- 
sical qualities, his personality and 
appearance, his enthusiasm for the 
position, and any special qualifications 
which the interview reveals that he 
possesses regarding the particular work 
to be performed. 
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Trade Apprentice Applicants 

Applicants for employment as trade 
apprentices should show that they are 
intelligent, have received a good 
general education, and have a sound 
knowledge of English, arithmetic, and 
general subjects. In general, such 
applicants should only be considered 
for employment as trade apprentices 
when they are under 16 years of age. 
The majority of the boys will usually 
have to pass through one or other of 
the various offices in the capacity of 
utility boys, and as the time spent 
there may be between nine and twelve 
months, they will then be able to 
enter the shops before attaining to 
16 years of age, and so obtain the 
necessary five years’ apprenticeship 
to a particular trade. 

Exception to the rule should be 
made where a boy has attended a 
central school, in which case he is of 
necessity a sciholarship boy, or where 
he has attended a secondary school. 
He has tlien almost invariably attained 
to a higher standard of edtication, and 
is accordingly likely to prove the b(‘tter 
type of employee. The number of such 
eases, however, is comparatively few, 
l)ut this rather helps the situation, as it 
is necessary, by reason of their age, for 
these boys to go direct into the shops. 

Boys who have been previously em- 
ployed should not generally be con- 
sidered except in the capacity of 
machine boys, foundry boys, or equiva- 
lent grades, for the following two very 
good reasons — 

(1) They are too old to go into the 
offices as general utility boys, 

(2) Assuming they are pajd accord- 
ing to age it is wasteful to pay higher 


wages to new entrants than is really 
necessary. 

A suggested analysis for computing 
the suitability of trade apprentice 
applicants for employment at an 


interview is appended — 

MAXIMT’M 

Division 

Points 

Arithmetic .... 

12 

Algebra .... 

1 

Geometry .... 
English (reading, writing, spell- 

1 

ing) .... 

Personality (aiipt^arance, man- 

8 

nor of address) . 

Mechanical Aptitude (ascer- 
tained from hobbif^s, inter- 

^0 

ests) .... 

General Knowledge and Intelli- 
gence (geography, history. 

12 

sport) .... 

2d 


1(10 


Typical oral questions should be as 
follows: How many square feet are 
there in a square yard? What is 
0'125 gall, expressed in pints? What 
is 8 per cent of £50 ? What is an acute 
angle? What is the boiling point of 
water on the Fahrenheit scale? Cor- 
rect this .sentence, “None of these 
boys were over 16.’’ In what counties 
are Dover and Newcastle? What is 
the capital of Canada? Which is tin* 
largest island in the world? For 
what do the h'ttcrs F.R.C.S. stand? 
What are your hobbies ? What is 
the weight of 1 cu. ft. of water? Ex- 
plain what is meant l)y the terms 
“hexagon” and “octagon.” Spell 
the words : Possession ; received ; 
acknowledgment; es.sential; feasible; 
gauge; questionnaire; encyclopaedia; 
psychology; extempore. Give the 
date of the Plague of London. How 
do you ascertain the area of a circle? 
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If you made a journey round the world 
along the equator, how niany thousand 
miles would you go? What is the 
population of (ireat Uritain? For 
what purpose were the Pyramids 
built? What is asbestos? Where are 
the King’s keys kept? Who is the 
British Prime Minister? 

Medical Examination 

In all eases of new entrants to the 
firm a medieal examination is most 
desirable iiri mediately j>rior to em- 
ployment. It is a necessary safeguard 
which will undoubt (‘dly prove a good 
investment. Only the* largest of firms 
will be able to afforel the full-time 
seTvicTs of a qualified practitioner; 
eithers should have* a standing ar- 
rangement with a reliable doctor. In 
addition, it is of e'ourse a e*e)nelition of 
the Facteiries Act which operates in 
Great Britain that all young persons 
starting in a faedeiry shall be require^d 
to jiass the le)cal factory doctor 
appeiinteMl by the Home Office. 

Practical Tests 

On the employmenl eif a craftsman 
there is fTiuch tei be said in fave)ur eif 
subjecting the candielate to a specific 
t(*st, e.g. a turner should be askenl te) 
nu*asurc a diameder In using a nucroni- 
e^teT, whilst \vith some graders, e.g. 
WTlders, a periodical standard test 
should be pre^scnbenl and the* indiv lelual 
re'sults receirdeel to ensure that the 
quality of w*ork performed eloes neit 
dederiorato. 

Testimonials 

At least two references of charaeder 
and ability should be obtained, a 


questionnaire on the lines of Fig. 180 
being addressed to two persons nomi- 
nated by the applicant. Other ques- 
tions, some or all of which might be 
included, are — 

(1) Does your knowledge of him 
extend to the present time? 

(2) From what circumstances does 
your knowledge of him arise? 

(3) During the above period were 
you closely acquainted with him? 

(4) Is he married or single? 

(5) Is he of British parentage? 

(6) Is he, so far as you know, free 
from pecuniary embarrassment? 

(7) Do you consider him qualified 
to take up the following apjiointment 
for which he is a candidate? 

(8) Any information which you may 
have to give rcspecding his character 
or qualifications, in addition to what 
IS contained in the answers to the 
foregoing questions, will be gladly 
received. 

Promotion 

The guiding factor in selecting an 
(‘inployee for promotion, ajiart from 
age and medical fitness, should be one 
strictly of merit. It should be uni- 
versally recognized that a trade ap- 
prentice can rise to a high executive 
position, and that a labourer can rise 
to the position of highest paid semi- 
skilled supervisor. 

The managerial staff should always 
be on the alert to notice good men, 
regardless of grade. In selecting shop 
supervisory staff craftsmanship alone 
is not sufficient to justify promotion. 
Whilst this should be the first essential, 
personality and technical training are 
also important. As stated in Chapter I, 
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(NAME OF FIRM) 

{Private a'fvd Confidential) 19 

Sir, 


has applied to this (Company for employment and refers me to you as to his Fharael(»r 
and Ability. He states he was employed by you from 
to 

J should be obliged if you would kindly favour me with your rc'plies to tli(‘ several 
questions (‘numerated below. 

Yours faithfully, 


Questjons Hkjujks 

1. How long hav(‘ you known 

2. In what capacity did you employ 

him? 

What is your opinion of his 
abilities? .... 

4. Was he uniformly industrious, 

Hob(*r, and attentive? . 
o. Have you ever known him guilty 
of any act of dislionesty or 
irrt*gularity of conduct ? 

ti. When did he enter your servi(i(*? 

7. When did he leav(‘ your servic(‘? 

8. Why did he l(*ave your service? 

9. Was he injur(‘d at all whilst in 

your service? 

19. Is he at present or has he b(*(‘n in 
receipt of an allowance under 
the Workmen’s C^ompcmsation 
Act? ..... 

11. W hat was his rate of wa g(‘s when 

he left your s(‘rvice ? 

12. Do you know of any reason why 

he should not be employed by 
this Company? . 

Signature 

Stamped Envet.ope Encloked poh Reply. 
Fia. 130. Standard Pro Forma for Testimonial 
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Fig. 131 Outlook op Individual Aocordino to Education Reosivbd 
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]io one individual can possess outstand- 85 years of age and has not previously 
ing ability in every direction. Candi- had office experience. It requires 
dates should, therefore, be selected many years of administrative experi- 
on what is considered to be superior ence for anyone to become really 
jill-ronnd ability and knowledge for the efficient as an administrator, and if 

Tmdo Appront iot^ Dr 
Hipfher (Jrado Approiitico 

Eugineor Pupil ("rnftmuan (All ClartsoH) 


Ju’iior Fiiapector 



Draughtsman 
KinisliDd Work InsptH-ior 
Rato -fixer 
or 

Technician 


Assistant in Oharg(' 
of Section 


Assistant in Charge 
of Department 


Assistant Works Manager 
or Production Engineer 

Works Manager 

FlO. 132. SU<K3ESTK1 

immediate vacant position, though it 
is as well to remember that the selected 
individual should be capable of fitting 
into the organization still higher up 
should an opportunity present itself. 

As a general rule it is unsound to 
transfer an individual from the shops 
to the offices if he has attained to 


(Miargcinan 


A ss i Stan t Foro i nan 


Koroinan 


Line of Piiomotion 

such training nnd experience are left 
too late an individual will, by the time 
he has })roved his worth, be too old to 
make further advancement in the 
organization worth while. Thus a key 
position may be blocked, and if the 
individual is passed over by one of his 
assistants some fc^eling will almost 
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certainly be created, with its attendant 
disadvantages, including of course the 
disadvantage of the appointee missing 
valuable experience in the lower 
position. 

Fig. 181 is expressive of what posi- 
tion might be attained according to 
education, combined of course with 
personality, and experience. Every 
endeavour should be made to ensure 
a spirit of contentment and the best 
way in which this can be achieved 
is to establish a definite promotion 
scheme. Such a scheme, covering 
specific grades, is outlined in Fig. 
182. Similarly, Fig. 138 shows the 
manner in which relevant informa- 
tion covering a number of possible 
candidates should be recorded for 
purposes of comparison. 

It should be the policy to employ 
individuals, as far as practicable, on 
work suited to their mental and 
physical fitness. In doing so, con- 
sideration will require to be given to 
general ability, health, temperament, 
age and service. 

Advices of temporary alterations of 
grades and rates (Fig. 134) should be 
sent each week to the personnel de- 
partment in order that appropriate 
records may be kept, and the works 
accountant advised in good time, par- 
ticularly if working under a system of 
payment by results, to enable him to 
apportion wages correctly. Permanent 
alterations should be authorized by 
the personnel department only. 

Job Specifications 

There is much to be said in favour 
of drawing up job specifications, par- 
ticularly for what may be regarded as 


Recom- 

mend- 

ations 


& Q 

PU 00 
< 


Person- 

ality 


Techmeal 

Attam- 

ments 

1 


1 

Where 

Educated 


1 W^orks 
(Experience 


Present 
Designa- 
tion j 


Date 

Employed 


Present 

Age 

- 

’ Date of 

1 Birth 

i 




Fig. 133 . Statement fob Compabison of Candidates 




Fig 134 Shop \d\ice of Temporary Alterations of Grades avd Rates 
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key grades. The following is a typical 
example — 

Tool Hardener 

Heat-treating Section of Tool Shop 

Summary of Duties, Hardens tools, jigs 
and fixtures, and works under general 
supervision of tool shop foreman. 

Work Performed. (1) Conforms to treating 
process stipulated by Works Metallurgist, 
depending upon size, shaxio, use, and mate- 
rial of object. (2) Case-hardening: (a) Cyan- 
ide treatment : places articles in holders and 
lowers them into molten cyanide bath ; 
removes articles and quenches them in oil 
or water, according to instruction, {b) Pack 
treatment : packs, covers with carbon- 
bearing material, such as charctjal, and seals 
article in iron box ; places article' in furnace ; 
allows article to remain in furnace at required 
temperature for specific time ; removes 
article and quenches it in oil. (3) Plain 
hardening : Places article in furnace ; notes 
temperature of furnace by means of pyro- 
meter; removes article from furnace and 
quenches it in oil or water, according to 
standard instructions. 

Furnaces, These consist of the following 
types: (a) Electric, (6) Has, (c) Oil, and 
(d) Uoal. 

Furnaces vary widely in details but all 
of them have certain essential featiires. 
A heating element; space for an article 
to be heated. Heating and quenching 
baths. Tanks, with or without heating 
element, which contain cyanide and brine 
or oil. 

Tools, Tongs, pokers, hooks, and other 
devices used in handling parts. 

Material, Various tools, jigs, and fixtures ; 
cyanide, lead, water, oil ; lampblack, char- 
coal, ground bone. 

General Qualifications for Employ merit. 
Age: Between 25 and 40 years. Education: 
Ability to speak, read, and write English. 
Experience : Preferably two years on similar 
job, and not less than two years as tool 
hardener’s assistant. Physical : Special sen- 
sory acuteness; sight, to discriminate colour 
in determining temperatures. Special know- 
ledge: A thorough understanding of the 
effect of heating, cooling, and quenching of 
metals. 

Working Conditions. Surroundings. Inside: 
Heat, acids, fumes. Hazards : Burns to arms 
or hands from furnace or heated stock; 
poisoning due to cyanide getting into 


open cuts or abrasions; asphyxiation from 
cyanide fumes. 

Promotion to be made from a tool 
hardener’s assistant. 

It is important that all grades 
should be educated with possible pro- 
motion in view. Active encourage- 
ment should be given for classes to be 
taken in appropriate subjects, or en- 
couragement given in other ways for 
employees to improve their knowledge. 
Trade apprentices should always be 
given a certificate of apprenticeship 
(Fig. 135) on completion of their 
apprenticeship. 

Staff Records and Statistics 

Service Record, Considered as a 
whole the most important staff record 
of all is the up-to-date record which 
must be kept containing all relevant 
information of each individual in the 
concern. From every point of view a 
card record seems to possess infinite 
advantages over any other arrange- 
ment. A convenient size for such a 
card is 8 in. by 6 in., the proposed 
arrangement being depicted in the 
example given in Fig. 136. It is recom- 
mended that these cards be filed in 
alphabetical order in cabinets. 

Details of examination successes or 
distinctions of a public nature which 
may have a bearing on future pro- 
motions should always be recorded. 
Similarly, if at any time a logical 
complaint is registered against an em- 
ployee and a reprimand decided upon, 
the date and nature of the offence and 
the nature of the reprimand should be 
inserted on the record card. If this is 
not done there is nothing on record to 
support what may only be a biased 
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(NAME OF FIRM) 

Date 

CERTIFICATE OF TRADE APPRENTICESHIP 
1 liereby certify that 

born on the has served an 

Vpprenticeship to 

in the Works of this Company as follows — 

Date commenced Apprenticeship 
Date completed Apprenticeship 

Duiiiig this period he obtamed experience in the following sections — 


Ihning his Apprenticeship he attended evening classes under the local Education Authority, 
and obtained the following certificates — 


Fia. 135. CEBTincATE of Apprenticeship 


Works Manager. 
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STAFF KECOKD 

Sumarno WAINWHIGHT Christian Names NORMAN 

Date of Birth llSjU Biith Cert Seen R H. L. 1314129 

Date Employed lOjllJ*) Exammatioiij ^ Grade 1 

Special QuahhcatioiiR Rrf io Papers A 570 

I)at< 



Depaitment 

Partif iilais of Promotions, 
Keduc tioiis, Punishments, 

(» Fatuities and Injuries 

Hate 

16 

4 

20 

ApprentK t 

Mn(hin( Sfiop 


101 

1 

3 

iO 



\(tian(pd 

ai 

1 

i 

31 




151 

1 

j 

33 


Ahifu f iffht s Sfto/) 

Transfitnd 


1 

3 

33 



id tamed 

IS 

7 

11 

33 


M(nhnn l^hof) 

1 Ktnsf(tr(d 


1 

3 

33 



\dt anc( d 

31 

2') 

6 

33 


1 nittnq Shoj) 

7 r(tn*iftt7cd 


1 

j 

34 



idiarntd 

2) 

i 

i 

34 



Ohitjimd Nai tonal ( nftfi<at( 


20 

S 

34 



/ toicatm ( ut Rfftnna ( 134 t 







( ompenmtiOH i.7 10s 6d 


/ 

3 

35 

! n ( lot 


\pptt ntacship (otnplehd PtotnoUd 


- 


1 

1 


and adtanetd Abilii f icuf qood 

and Kjq aftentuf to (hdas 

50 

11 

j 

30 

( Imnfunan 

lift tniif S//op 

1 

Ptontoffd and adtanffd 

5j 




1 


— 

— 





1 

1 

1 

t 

— 

1 




L 1 

1 






1 _ 1 

1 




h It. ] U> St R\ in Hp cohd Card 
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supervisor’s or foreman’s report on a 
current charge. 

Address Book. The address of the 
employee must be kept in the office or 
sliop to which he is attached and 
should be recorded in a foolscap book. 

Factory Personnel. A most useful 
works record is a staff chart drawn up 
as shown in Fig. 187. It will b(‘ seen 
that every shop grade employed in the 
factory is catered for, the horizontal 
columns giving the number in any one 
^rade, whilst the vertical columns give 
the total number of all grades in each 
department. This chart should be 
brought up to date at least once a y(‘ar. 

Jgc Grouping of Apprentices. A 
chart which gives the age grouping of 
apprentices and the total number in 
each shop, in relation to the number 
of craftsmen and all adult grades 
(Fig, 188), is another record worth 
while keeping, as it shows almost at a 
glance whether there is any ''bunching 
up” of apprentices of a certain age 
and also enables one to make com- 
parisons in ratios bctw(‘en different 
departments. If any "bunching up” 
does occur, it is proof ihal the appren- 
tices have not been started at regular 
intervals as they should ha^e been, 
regardless of wind her or not a crafts- 
man has retired. This problem can b(‘ 
a serious one, but it wdll not arise if 
the Larkin system of workshop train- 
ing, which forms the subject of 
Chapter XII, is adopted. 

Rostered Shifts. A chart of an en- 
tirely different type from those already 
explained is the “duty chart.” It 
should be freely used where rostcrc^d 
shifts are in operation, thus ensuring 
that groups of men are working to the 


best advantage. In the particular ease 
illustrated, Fig. 189, it will be seen 
that betwTcn the hours of 10 p.m. and 
12 midnight there are six w^atchm^en 
on duty, wdiereas live would meet the 
case, and in the absence of a satis- 
factory explanation of this some* 
readjustment should be made. 

Factories Act 

A factory is deemed to be any 
premises in which, or within the pre- 
cincts of wliich, jKTsons arc (‘inployed 
on manual labour in any process for 
any of the folio wdng jiurposes, viz. 
(rt) th(‘ making of any article or part 
of an article; (/>) the altering, repair- 
ing, ornamenting, finishing, cleaning, 
or washing, or the l)r(‘aking up or 
demolition of any article; or (c) the 
adapting for sale of anv article*; such 
premise's be'ing usenl fe>r weirk which is 
earned ein b\ vva\ of trade* or for pur- 
pose's e)f gain, anel to whie*h the* em- 
pleiyer e)f the persons the‘re*in lias the 
right of ae»ce‘ss, or ove*r wdiie'h he has 
control. 

Any ])ri\ate line* or siding useel in 
e*onnce*tie)n with a fae*tor} is con- 
siele*re‘el tei be* part of the* factory, but 
if use'el by mem* than one faedory 
belemging to eliffere'nt eierupie^rs, the 
line is tak(*n to be* a separate* factory. 
Premises arc not cxcluele'd from the 
definition of a facteiry by reasem only 
that they are eipcn-air premises. 

All faeteirie's come* witliin the* juris- 
diction eif the Facte)rie*s Act, which 
Act is cufeirced by facteiry inspectors, 
each of whom covers a defmeel area. 
In years gone by the faeteiry inspector 
was often looked upon as a nuisance — 
to-day in all WTll-eirganized factories 
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he is welcomed as a friend and a con- 
sultant. Ignorance of the Factories 
Act cannot be accepted as an excuse 
for non-compliance with it. An in- 
stance of inellieient staff work came to 
the notice of the author a short while 


than the permitted period during the 
day; £1 in each of two cases of em- 
ploying women on Sunday ; and £l 
for employing a young person on 
S»mday. The firm was also ordered to 
pay £1 costs. 


DUTY CHART. Tueadft v-WedneBd «y 



u^o when (iiu‘s totalling* t2,i wen* 
imposed on a linn of lajx* \\ea\ers 
and linislu'rs, against whom were pre- 
ferred nineteen summonses for offenees 
under the Factories Act. The (inn was 
lined £2 for failing to ha\e a maehine- 
geuring fenced seeurc'ly ; £1 for failing 
to keep a proper r(‘gist(T of Noung 
persons employed; ]0s. in each of 
four eases of (‘inplox ing a young pcTson 
for more than seven days without a 
doctor’s certificate of fitness; £2 in 
each of seven eases of employing 
women persons on night duty for 
more than the permitted period ; £l 
in each of three eases of employing 
women and >oung persons for more 


Works and Shops Committees 

Absolute honesty in negotiations 
between employcTs and emjiloyed 
clears away suspicion and promot(‘s 
trust. Onlv in this atmosphere can a 
permanent settlc'ment, acceptable to 
all jiartics, be found. Accordingh, a 
\\is(‘ administration ^vill ojieidy favour 
the setting up of works and shops 
committee's, and give otlicial recog- 
nition to balloting for employees’ 
r('pr(scntatives. The object of such a 
scheme will be to afford full facilities 
for the settlement of all questions 
relating to the rates of pay, hours of 
duty, and general conditions of em- 
ployment other than matters of 
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management and discipline. The shop 
committee should deal with many of 
the minor difficulties incidental to 
their own shop and settle them with- 
out reference to the higher authority. 
The works committee should be ap- 
pointed from the various shop com- 
mittees. a fair representation aggre- 
gating 20 per cent of the latter. This 
eoniinittce will only meet on matters 
wliieh affect the well-being of the whole 
concern. The works manager should 
preside and there should be one or two 
of his principal assistants present, as 
well as a senior representative from 
the jxTsonnel department. Minutes 
should be drawn up of all formal 
mci‘tings and these should be circulated 
to those eoneemed. Typical minutes 
^^ill read as follows — 

MiNCTKS of WoKKS (^)MMITTEF HELD JN 
THE (\)NFEUKN(’E UOOM ON TUESDAY, 

25th Jcly, UiatJ 

I ^ reset! I : 

l^'or tlip Finn: Fur the* Fniployccs : 


The Minutes of the meeting lield on Jlth 
February ^^ere read. 

.'{22. Safely in Factor ics— Prevention of Eye 
AeeideatH, 

The Fliairman informed the Employees’ 
Sid(‘ Dial it was tin* F^irin's intention to put 
J(»]*uard a lighter tyjx* <»f goggle for use in 
the Woj'ks and samples of these were handed 
round for inspection. Th(' ( V)nimitt<‘e were 
irdbrnuHl tliat this typ(‘ of goggle wa.s 
approved by the Horne Ofhee, and the 
sariiph^s would be pul in the Works for trial. 
11 1 ‘ asked the Fominittee to do everything 
possible to ensure that men wore the goggles 
whilst at work, and so minimize the risk of 
ey(* accid(*nts. 

323. (iradiny of Drop Stampers, Forge, 
i Referred from the Shop Committee of 
the Forge,) 

The Employee.s’ Side stated this matter 
had b<*en referred to them from the Shop 


Committt'c of the Forge. They were in agree- 
ment with the Shop Committee’s contention 
that the time for advancement in the grade 
should count from the date the man first 
commenced working in that grade, irrespec- 
tive of whether in the first place such work 
was temporary or not ; also that any t.em- 
porary time workc'd in such grad(‘ should 
count towards the period for advancement, 
if and when substHpiently appointed to such 
grade. 

For the Firm’s Side, the ('hairman stated 
he would give the application consideration, 
and communicate a decision as t^arly as 
possible. 

324. Payment of Overtitne on Shift Working. 
{Referred from the Shop Committee of 
the Assembly Shop.) 

The Employees’ Side stated they were not 
satisfied with the decision given in this case. 
They contended that as the normal working 
week finished at noon on Saturdays, any 
time worked by men after that time should 
be paid for at overtim(‘ ratios. 3’h(‘y con- 
sidered that men working the tJ a.m. 2 p.m. 
shift were working such shift only for th(‘ 
Firm's convenienc(‘ and that for the* calcula- 
tion of overtime each day stood on its own, 
and therefore tin* claim to overt iuu* rat<\s 
for shift workers on the fi a. in. 2 p.m. shift 
after noon on Saturdays was correct an<i 
should be a(‘C(‘pl(‘d l)y th(^ Firm. 

For the Firm it was poinli'd out that th(‘ 
payment of overtime in this cas<* had Imhui 
correctl} made. Tlie hhiiployees’ Sidt* ask(‘d 
for their railur(‘ to agrtM* in the ruling to 
b<* r(*cord<-d. 

,325. National Scheme for Physital Training 
and Recreation, 

The Firm's Sidi* nuuh‘ reference to tin* 
renewed cam]iaign of the (Jo\ernm(‘nt which 
had for its obj(*cts the encouragenu'iit of all 
forms of physical training. It was tin* desire 
of the Firm to assist generally the National 
Mov<*ment, and the officials w^ould do (‘very- 
thing j)o.ssible to fostiT any d<'sire on the 
part of the staff for r(‘creat ional facilities. 
Similarly it was d(*sirable that tlie Emjiloyees’ 
Side of this (’ommitt(M* should (‘iicourage tin* 
movement, and they were ask<*d to give 
their co-ojieration. 

The Employees' Side said they would do all 
they could to help the Movement. 

Minutes Agreed: 

For th(‘ Filin : For the Employees ; 

(Signed) W. WoiiD. (Signed) E. SiMKiN. 
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Notice Boards 

Works’ and shop notice boards, 
preferably framed in glass, should 
always be controlled by one individual, 
thus ensuring that all notices and 
posters are given identical prominence 
and arc removed as soon as they have 
become inoperative, or, alternatively, 
after a reasonable time has elapsed. 

Industrial Psychology 

Psychology plays a big part in in- 
dustrial life, and yet it is only of late 
years that attention has been paid to 
it. The National Institute of Indus- 
trial Psychology has made tremendous 
strides and has done much good work, 
though there is still plenty of scope. 
One of the secrets of good manage- 
ment lies in giving proper attention 
and consideration to the staff. What 
may appear a matter of small moment 
to the works manager may appear as 
a mountain to the individual employee. 

There ar(‘ at least two sound 
reasons why the psychological aspect 
should be developed — 

(1) The best worker has a limited 
amount of energy, and if this energy 
can be conserved he will be better 
able to put more into the actual 
manipulation of the job and give 
better residts. 

(2) If the emjdoyee can see that 
genuine interest is being taken in the 
conditions under which he works, the 
psychological effect on him will be all 
in favour of his giving the best service 
within his power. 

If, for instance, portable pneumatic 
tools are used, these should be pro- 
vided with balanced suspensions, thus 
relieving the operator of the weight of 


the machine. Similarly, sunken con- 
crete pits into which a job can be 
lowered should be provided wherever 
practicable. These allow a man to 
work at ground level instead of from 
staging or trestles, both of which 
latter necessitate tools and equipment 
being lifted uj) much higher, and so 
increase the amount of fatigue. 

Industrial psychology is a factor 
worthy of the fullest consideration, 
particularly by the supervisory staff, 
as th(y have the greatest opportunity 
of using their knowledge to the best 
advantage of the manual worker. 

Staff Amenities 

These include the provision of a 
works canteen — j)refcrably where 
meals and light refreshments can be 
supplied at a nominal cost ; a central 
ambulance station and/or an adequate 
number of ambulance boxes; cloak- 
room facilities and lavatory accom- 
modation; washing facilities in the 
shops — preferably hot water sprays 
and troughs, and not wash basins; 
hygienic drinking fountains; a con- 
veniently situated ear and cycle park ; 
and special protective clothing and eye 
protectors. Any or all of these are 
matters which may rightly be raised 
at meetings of works and shop com- 
mittees. They are closely allied to 
welfare work, yet there is a distinction. 

Welfare Work 

The largest firms will have one or 
more olheials wholly engaged in wel- 
fare development work ; smaller firms 
will be well advised to depute a suit- 
able member of the staff to spend a 
portion of his time in a similar way. 
Hospital schemes, sick funds, and 
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charity appeals require adequate atten- 
tion. Athletics, swimming, tennis, 
hockey, netball, football, cricket, 
l)owls, and other pastimes are all to 
be encouraged. For indoors, facilities 
for an engineering society, literary 
society, dramatic society, library, 
reading room, and games room will 
assist in bringing together all grades 
of employees and help to maintain 
esprit de corps. Outstanding successes 
for the few are not nearly so satisfae- 
tory as when a large percentage of 
employees take part in pastimes or 
recreation. A magazine should be 
issued, preferably monthly, but an 
issue bi-annually or even annually is 
well worth w’hile, and will do much to 
foster a good spirit. 

A small w'clfarc committee repre- 
sentative of the management and the 
employees will be able to co-ordinate 
m a most effective manner. 

Outside Assistance 

In England the Industrial Welfare 
Society, membership of which is open 
to firms and individuals alike, pro- 
vides considerable practical assistance 
for its members. Briefly classified this 
assistance can be said to cover the 
following eight sections - - 

1. Publications. Members receive 
bulletins and memoranda on special 
aspects of welfare work. 

2. Health. An advisory medical 
committee meets regularly to discuss 
developments in industrial medical 
research and medical problems arising 
in industry. 

3. Accident Prevention. Assist- 
ance is given in the establishment of 


safety committees, compilation of 
accident statistics, guarding of 
machinery, and education in safe 
working conditions. In co-operation 
with the National “Safety First” 
Association, accident-prevention post- 
ers are issued and an information 
service is maintained. 

4. Legal. Advice is given on 
benevolent, pension, and superannua- 
tion funds, group insurance, savings 
schemes, rating, taxation, licences, 
statutory regulations, club rules, and 
other problems. 

5. Recreation. Information is 
available on all aspects of works clubs. 
Assistance is given in drawing up the 
niles and constitution of indoor and 
sports clubs, and in their ii nance and 
administration. Schemes are sub- 
mitted for the layout of sports grounds 
and the establishment of camps and 
other holiday centres. 

6. Canteens. Questions of admin- 
istration and management are dealt 
with and advice given on the estab- 
lishment of new canteens. 

7. Employment. Information is 
available on the organization of an 
employment department, personnel 
records, education, training, and pro- 
motion schemes, incentives and labour 
turnover problems. 

8. Appointments. A panel of per- 
sons qualified to hold positions as 
employment managers, welfare super- 
visors, works doctors, nurses, canteen 
managers, and others, is maintained. 
The Society’s experience is of value in 
assisting firms to make satisfactory 
appointments, and in advising candi- 
dates on training. 
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INDXTSTRIAI. ACCIDENTS- 

Losses due to industrial accidents and 
industrial diseas<‘s arise by payment 
of compensation for partial or total 
incapacity, and by reduction in output 
due to the absence of the employee. 
The payment of compensation is per- 
haps the more obvious, but if anyone 
doubts the latter he has only to study 
the Annual Report of the Chief 
Inspector of Faetori(‘s and Worksliops 
in order to r(*alize its sigiiificance. 

It IS {rratifvin^ to record that there 
is a genuine and evTT-inereasing desire 
on the part of employers to improve 
the conditions of their factories and 
reduce the number of accidents as well 
as industrial disease's. The employer 
who is worthy of the name* will always 
r('Cogniz(‘ that every employee wlio 
serv'^es him is a human being and is 
entitled to the* highest skill and care 
that modern science can offer. 

Tlie factor) insp<‘ctors, all of whom 
are a})pointed by tlie Home Ollice, and 
of whom there* is one in every district, 
can give much use‘fiil aelvice*. There is 
neithing tei leise and much te) le'arn by 
their ce)-oj)e'ration. These experienced 
eiflicers are* e'lititleel to visit the facteiry 
“at all ivasonable times,” anel their 
combineel effeirts have' breiught tei light 
many exeellent safety devices and 
precautiemary measures. 

Nor will it be out of place here to 
mentiein the vctv real and practical 
help that can be derived from a visit 
to the Home Office Industrial Museum 


AND THEIR PREVENTION 

in Leindon. It will be time well and 
truly spent. 

Safety Precautions 

The old adage “prevention is better 
than cure” should be applied to the 
workshop on every possible occasion, 
and some applications of a general 
character may be tabulated. 

(1) The gangway should always be 
kept ek'ar. White lines two to three 
inches wide* arc recommended for this 
purpose. 

(2) Attention should be paid to the 
periodic disinfection of the oils used 
as coolants during cutting. After a 
time oil tends to beeonu' infected by 
bacteria, which may cause infection 
of tlu' skin of people’s hands when 
they are continually exposed to oil, al- 
though there may be no obvious wound 
in the skin. Chemicals are available, 
small quantities of which can be 
added to the oil, rendering it sterile 
and removing this source of danger. 

(3) In dry grinding operations it is 
of the utmost importance to use the 
best possible means for collecting dust 
so as to keep the atmosphere as free 
as possible from the minute particles of 
abrasive, which are not only injurious 
to health but are a source of consider- 
able wear and tear to machines. 

(4) Revolving shafts and spindles 
on machine tools which cannot be 
covered should always be regarded as 
dangerous. Even a perfectly smooth 
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Yc\ olv ing shaft has a tendency to pick 
up anything soft, such as the sleeve of a 
coat, and if the shaft is castellated or 
splined the danger is very much 
increased. 

(5) Drilling machines are never free 
from risk of accident. Loose sleeves are 
II constant danger and tight sleeved 
overalls or sleeves turned up above the 
( Ibow should be insisted upon, 

(6) Every woman working in a fac- 
tory should have her hair completely 
covered by a neat cap. A woman’s 
scalp may be torn off completely 
through her loose hair becoming en- 
tangled in a machine. 

(7) It is vcTy important that work 
and Jigs should be properly secured 
during drilling operations, otherwise 
the\ may start to revolve and serious 
damage occur. 

(8) Spiral cuttings can inflict \ery 
dangerous wounds. Labourers hand- 
ling (’uttings of this kind should be 
proMded with leather glo\es. Simi- 
larly , nulling machine operators should 
always ha\e brushes for renioMiig the 
swarf from work and from jigs. The 
needle-hke eliips produced by milling 
inflict troublesome skin injuries. Sharp 
(‘dges left by machining opiTations 
frequently cause serious cuts. 

(9) Many accidents occur through 
tli(' unexpected release of muscular 
t(‘nsion. An ill-fitting spanner slips off 
its nut, the sudden release of tension 
brings the hand or arm into contact 
with some stationary or mo\ ing part of 
the machine, and injury is inevitable. 
The condition of spanners requires 
constant attention as the jaws become 
worn and dangerous in a compara- 
tively short time. 


(10) By the adoption of effective 
leather spats in the foundry, injuries 
due to hot metal will almost entirely 
disappear. 

(11) Piling and stacking of articles, 
if badly’^ done, is a source of injury. In 
pulling one job off a pile it is very easy 
to pull another on to one’s foot. 



Fk, 140. Machine Ouaiu), Kwvndinc, 
Tjiklias pn 


(12) Ladders n(‘(*d continual inspec- 
tion and should ne\er be used if thev 
ha\e broken or weaken(*d rungs. Th(‘ 
foot of every ladder should be fitted 
with spikes or non-shpping attach- 
ments. 

(13) Nobody should be allowed to 
touch belting or lubricate shafting 
unless it is completely stationary. 
Many accidents of a most serious 
nature have occurred from this cause. 

(14) An operator should not only be 
able to stop his own machine but he 
should also know how to stop the 
machines working on either side of 
him. 

(15) When machine guards can be 
introduced the types shown in Figs. 
140, 141, and 142 can usually be 
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recomniended. These illustrations 
depict corrugated lattice and trellis 
machinery guards, both of which 
types afford excellent protection. They 
are light and rigid, and give clear 
visibility. Lattice and trellis guards 


i 


Vhi III (Ji ARi), Light Wiur 

and partitions can be made in all 
workabh* metals and maybe lacquered, 
painted, or galvanized. It should be 
noted that if a machine is located in a 
dust-laden atmosphere, moving parts 
should be eonipletely hous(*d with a 
sheet metal guard. 

Quite apart from the liumanitarian 
point of view, the lack of suitable 
machine guards can pro\(‘ to be a 
costly matter. As an example, a boy 
of 10 years of age, employed by a 
lirm of gas engineers, was recently 
awarded damages of £1800 and costs 
for th(‘ loss of four lingers on the right 
hand. According to the evidence 
submitted at the Assizes the accident 
occurred on the second day of the 
boy’s employment with the lirm. He 
w'as in ehargt* of an embossing press. 


and in bending down to pick up a 
plate his right hand was caught under 
the die and crushed, four fingers sub- 
sequently having to be amputated. 
The judge found there had been negli- 
gence by the firm in not providing the 
machinery with a guard. 

( 16 ) The necessity for 
wearing goggles cannot be 
over-stressed. The pro- 
cesses involved are as 
follows — 

(a) Dry grinding of 
metals or articles of metal 
^ applied by hand to a re- 
volving wheel or disc driven 
by mechanical power. 

(h) Turning (external or 
internal) of non-ferrous 
metals, or of east iron, or 
of articles made of such 
metals or such iron, where 
the work is done dry (other 
than precision turning where the use 
of goggles or a screen would seriously 
interfere w ith the work), or turning by 
means of hand tools. 

(c) Welding or cutting of metals by 
means of an electrical, oxy-acetylene 
or similar process. 

Also the following processes, when 
carried on by means of hand tools or 
other portable tools : — 

(d) Fettling of metal castings in- 
volving the removal of metal. 

(c) Cutting out or cutting off (not 
including drilling or punching back) 
of cold rivets or bolts from boilers or 
other plant or from ships. 

(/) Chipping or scaling of boilers or 
ships’ plates. 

(g) Breaking or dressing of stone, 
concrete or slag. 
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Safety Precautioiis Booklet 

It is advisable to issue to every 
ciiiployec a booklet in conneetion with 
safety precautions. These instructions 
might include such as the following- 

1. Rpportmg of Accidenis and Firftt Aid 
Treufmrvt. In order to secure* coiri- 
])‘nsation, an employee* must be 
;d>le to prove that his injury was 
sustaiiu‘d while following his e*mploy- 
iiit'iit, and arose* e)ut ejf his €*mploy- 
ni(‘nt. As soon as practicable you 
sliould re'port the accident to your 
iMinuHliate supe*rie)r. lnjurie\s which 
s.M rn trivial when they are received 
sometimes develop inie) pe*rmane*nt 
disability. On meeting with an 
injury, however small, go at once* 
to an anihulance man or the Ambu- 
lanee H<K)m feir treatnu‘nt, even if 
\ou (l<» not think it re*ally ne*ce*ssary. 

2. ('onduct. Many acciele*nts occur 
tiirough t hough tle*s8n('ss. It is in 
\ our own iiitere*sts for >ou to be alert 
.md not to act in a manner likely te> 

< a use* injury to yourself and oth(*rs. 

d. Quarrelling and Idling. In your 
own inter<*sts you shoidd avoid 
idling, ])la> ing or eiuarrelling, as such 
piactice*s treejue‘ntly lead to acci- 
dents. If an accident should result 
irom such practice's, the nianage- 
iiK'nt will take* a serieius vie*w of the 
matter. 

1. Per milled Roules. On all occa- 
sions use* the* p(*rmitt(*d route's to and 
Irom your place of work. 

a. PUh, a spraine'd ankle or wrist, or a 
bie>k«*n rib, may easily result from jumping 
over juts. y\Jways walk round, or use a j)it 
plank. 

(i. Dirlg Wasle. T)e> not le*ave* dirty or 
gre'asy waste lying about, but jdace* it in the* 
re*c«*j)tacle provided for such material. 

7. Smoking. A lighte*d mated) dropp<*d 
alter lighting a pipe* or cigarette may <;ause a 
lire. Matclu'S should be <*xtinguishe*d when 
you have finished with them. 

I>e» not indulge in smoking, in any circum- 
stances, in shops where it is prohibited. 
The* re*ason for the prohibition is the special 
ri.sk e)f fire because* of the inllammable nature 
of the materials used. 

laflammuhle Stores. To snieike, strike 
matche's, or use* naked lights in or near 


naphtha, pt*tred(*um or oth<*r inflammable 
stores, or near empty ve.ssels which have 
contained inflammable liejuids, is to run the 
risk of serious injury as well as of destruction 
to property and material, and is therefeire 
absolute'ly forbidden. 

9. Tools. Make sure* that the tools you use* 
are in good condition and suitable fea* the 


W’^eirk te> be* j)e*rlorme*d, l)e*fe*ctivi‘ teiols, 
which have* bee*n su])i)lie*d by tin* firm, can 
be* change‘<l at the* Tool Store's. 

10. Slriking a File wilh a Hammer. Using 
a bre)ke*n file* in j)la(*e* of a juinedi is elange*re>us, 
as i)it*c('s e>f the file* some*time*s fly and may 
cause* loss of sighl. 

11. Slriking Hardened Steel. A .seift ham- 
me*r .shemid be* used as otln'rwise* chips may 
fly off re*sulting in le»ss eif sight. 

12. Chipping. VVhe*n chipping any kind 
e)f iiK'tal, care sheudd be* taken tei prevent 
the* e*hij)pings freun Hying in the* dire*ctie>n eif 
e)the*r jx'rsons. 

12. (m aiding Sates. In starting a twe)- 
haneled cross-cut- saw, a bleick of we>od is 
bette*r than a hand for guiding. 

11. Inlerferenee irith Maehinery. Unless 



Fia. 142. Machin^e (b ahd. Heavy Wire Type 
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an emergency or accident warrants it, no one, 
other than the person whose ordinary 
employment it is, may interfere with any 
tools or machinery, or start or stop any 
machine, unless specially authorized to do 
so by the foreman. 

15. Defects in Machinery or Worlcshops, 
Employ (*(»8 should call the immediate atten- 
tiorj of their foreman to any defect in 
machinery or workshcips. 

16. Guards on Maehinery, Guards and 
other appliances are provided for the specific 
purpose of avoiding accidents. Fencing 
guards should not be rt'inoved or kept off 
while the* machin(*ry is in motion. Ftmcing 
that may have been removed whilst a 
machine is stationary should be replaced 
before it is set in motion. 

17. Cleaning Maehinery. I^^ir your own 
safety, dr) not attemi)t to oil or (•l(*an moving 
parts (jf any engine, crane, or other machine, 
while th(‘y are in motion. 

18. Moving Belts from One J*uUey to 
Another, Do not us(* your hand to luovr* 
belts from one pull(*y to another. Use a pole 
or stick. 

19. Bemoving Borings, etc. Never try to 
r(‘move borings, drillings, turnings, etc., by 
hand, or the hand may be cut or trapped. 
Always use a brush or stick. 

26. Steam, Power, ami Drop Hammers, If 
you work in eoijnection with steam, power, 
or. drop hammers, do not put your hands 
b<»tw(M*n the hammer heads and blocks; use 
t/ongs, or else satisfy yourself that the 
hamnu'r h(*ads are properly s(*cured or 
low<T(*d on to the stop blocks provid(‘d. 
Steam hammer drivers must !U)t lower the 
hamnuTs ladbre r(*ceiving tin* signal from 
the forg(‘men, and they must tlnm satisfy 
themselves that everything is cl(*ar. 

21. Clothing, Many a s(*rious accident has 
r(‘sulted from unsuitable clothing being worn 
by mt‘n o])erating lathes and other machines. 
Jack(*ts should be made to button lightly, 
cuffs should b(' ])ro\ id<*d with buttons or other 
mt'ans of fastening tightly round the wrist, 
and jackets and cufi's should ln'kojit but toned. 

22. Eye Protectors, l^yesight is precious. 
Do all that you can to pres<‘rve it. Use 
goggles on all occasions where there is the 
slight (»st risk of injury to the eye. Even if a 
little inconvenient, it is worth it. If the 
glassi's fog, this can be rtmiedied by slightly 
moisttaiing tin* fingt'r and applying a film of 
soap to the glass, afterwards wiping off with 
a clean dry cloth. 


23. Respirators, It is better to keep out 
of your system the dust that arises when 
grinding, buffing, and scnibbing old metal 
work, or doing other dusty jobs. TT^( 
respirators; keep them clean; change tli^ 
wool pads at least once a day. 

24. (i rinding Wheels, When grinding 
wheels are chipped, damaged or untrue, 
advise the foreman and have the wheel 
turned up. Hosts in front of wheels shfiuld 
always be kept close to the wheels. 

' 25. Hoi Metal or Slag. It is dangerous to 

run hot metal or slag into a wet mould or 
ladle. See also that mt‘tals are dry befor< 
bt*ing placed into a hot melting pot. 

2(). Elect r tea I Switchgear, Electrical gear 
should be treated with extreme caution. Do 
not interfere wdth any electrical apparatus 
unlt*ss you arc* authorized to do so. No one* 
should op(‘rat(‘ any switch to whic'h is 
attachc*d a r<»d “Danger” board. Before* 
handling the swdtchc*s of <*lectrically driven 
machinc^s, cjpcu’ators should see that their 
hands are perfectly dry. When any w\U‘k 
has to be done on or in su(‘h jiroxirnity to 
the* cahl(*s or swdtchgc*ar of electrical machin- 
evy that Iht'rc* is a dang<>r of accidental 
conlac't bc*ing made*, the* p(*rmission of the 
shop fbrc‘maii slioidd be* obtained to liave 
the cuiT(*nt (‘ut off the* section, and a 
“Dang(*r” board sliould be* fixed on the 
switch bc'forc* such work is commencc‘d. 

27. Fires on Electric Switchboards, Do not 
use* a hose* to (‘xtinguisJi a fin* on an cdectric 
switchboard. 

25. Palling in Electric Globes. N(*vc*r put 
el(»ct ric glob(‘S in the* holders wdiile the switch 
is on. Lamps somc‘times burst and damag<*d 
hands r(*sult . 

29. Eifling Arlicles or Material. Whc‘n 
lifting hc*avy article's or mate*rial, e\spe‘ciall.\ 
from the ground, ke'C'p the fe*e*t close toge'ther, 
slightly beuul the* kne*e‘s. and assist in the 
lifting by straight e*ning the* legs. lMan\ 
rupture's are* cause*d through disregarding 
this ruk*. 

30. lAidders. Make sure that the* ladder 
y^ou are* going to use is suitable*. Whe'ther 
or not a spike*d ladder should be u.sed must 
be* <ie*termine*d by the* nature of the sui’face 
on wdiich the ladder is required to stand. 
Whe*never practicable*, and particularly in 
ca.s<‘s of going up te» any e‘onside*rable height, 
the ladder should be he*ld at the foot and if 
possible secure*d at the top. In your owui 
interests you .should draw imme*diat<* atten- 
tion to any apparent defect. 
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Safety First Notices 

It is desirable that large printed 
notices should be posted wherever 
they niay be considered to serve a 
useful purpose. As a ease in point the 
following would be suitable for posting 
in a grinding shop. 

KAFKTY FlJtST 

( 1 ) T1h‘ vtork rest should be adjusted close 

t(i tin* of the wheel to prevent work 

( alehing between wluMd and rest. 

(2) Tlic* work rest should be adjusted as 
thf‘ ^^htM•l is reduced in diameter. 

(2) K<‘ep wheels pf^feclly true, either with 
a (hessinj* tool oi* diamond. Never use a 
cliippm^ hamuKM*. 

(1) WIk'Ii a new wheel is mounted, it 
slamld be run tree at its operating!: speed for 
a minute to mak(‘ certain that the wdieel has 
n(»t lH*en damafj^ed during mounting. 

(5) Work shouhl n(*V(‘r b(* forced against a 
(old \\li(M‘l, as the sudden luxating may caus(‘ 
1 he w h( el to bi'eak. 

(<i) Wh(‘(‘ls w hicli are used for wet grinding, 
should not b(‘ allow'(‘d to stand partly 
iinmeised m w'at(*r, as this wdll throw’ the 
wliet‘1 seriously out of balance. 

( 7 ) It is often dangcToiis to grind on the 
sides of a Mat, straight wh(‘el, particularly 
win n tile sides of the w Insd ai*(* considerably 
worn. 

(S) \})o\(* all, make certain that >our 
goggI(‘s ai’e in good older and properly 
adjusted. 

Juvenile Employees 

An cxaniination of (Government 
reports reveals tliat the aceidenl risk 
of a youn^ person (anyone under 18 
>ears of a^e) is v(‘ry high in the first 
f(‘\\ months of service. The ineidenee of 
tlK‘ eiir\e. Fig. 148, shows what takes 
plae(‘. Aeeordingly, upon entering the 
ser\ie(‘ it is strongly recommended 
tliat eacdi boy or girl should be 

(1) Handed a copy of the safety pre- 
cautions bookkd and instructed to read 
it carefully in order to familiarize 
himself with its contents. 


(2) Taken round the shop in w^hich 
he is to be employed and instructed 
as to the principal dangers, such as 
approach to transmission machinery, 
the necessity for keeping guards in 
position, etc. 

(3) Warned against pranks.” 



Time workeej in Years 

PlO 14, ‘k A( ( IDLNTS TO Jl \ ICNILE 
Kmpl()\ijes 


(4) Placed under the din'ct super- 
vision of a competent person for the 
initial period of his (‘mjdoyment. 

If the new entrant is to he emjdoyed 
on a machine, he must also lx* 

(,5) Warned of tiu* dangers of the 
machine. 

(()) Properly instructed in the o|)era- 
tions to be carried out. 

(7) Placed undcT the direct supeT- 
\ision of som(‘on(* who is familiar with 
the machine and its dangers. 

Ambulance Room 

A fully equipped first aid room 
combined with rest room will almost 
certainly prove a good investment. In 
large fadories it should f)e a rule that 
only the sister-in-ehurg(‘ in the ambu- 
lane(‘ room should say wlietlier or not 
a patient should he removed to hos- 
pital, this ensuring that all eases are 


M (H 
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REPORT OF ACCIDENT 

Department. Ref. No. 

Full Name of Injured Pergun 

Grade Pay No. 

Section A. Details of Accident 

1. Date 19 2. Time m, 

3. Nature and Degre<i of Injury. 

State (a) whether riglit or left leg, arm, eye, eto. 

(6) whether slight, severe, or fatal 

4. Place (to be particularized) 

5. Give dencription of arrident, indicathig to which of the Joltowimj causes the accident was due — 

(a) Misadventure, (h) Want of ordinary caution on the part of injured person, (c) Misconduct 
of injunMl pt'i’son. (d) Hreaeh of rules or regulations by injurod person, (e) Want of 
ordinary caution on the part of other pcM'sons. (/) Misconduct of other persons. 
(ff) Breach of rules or regulations by otluT persons, (h) Failure) of the injured person to 
wear goggles provided, ( j) (Mothing of the^ injured person being caught in machinery, 
shafting, etc. (k) I h'h'ctive apparatus; defect to he particularized. (/) Other spec ilic 
cause (t-«) he jnirticularized). 

(Description must he adeejuate -If this space is insullicient, attach 
separate slu'et.) 


6. (a) Was accident witnessed ? 
of witnesses 


(^>) If so, give names, occupations, and addresses 


(c) Give date stattanents of witnesses obtained 

(d) Are statements attached or to follow? 

7. (a) Did aciddeiit occur in connection with vehicle or machine? If so, state which 
(6) Was vehicle or machinc> iii motion at time of aicident? 

(c) Give identilication of vehicle or machiia' 

8. Are you satislied (a) that the accalent, as all(‘ged, dal occur? 

(b) that the injury is consistent with the accident reportinl? 

(c) that the ac«M<lent occurreil whilst the iiijureil person W'as t>n duty? 

9. What precauttojis, if any, hare been taken, or arc recotn mended for adoption, to prevent recurrence 
of such an accident? 

(If this space is insufticient, attac-h sejiarate sheet, and if unable to answer question fully 
at tinu' of rc^porting accidtuit. a spi'cial report is to bc^ sent later) 


Report to Signature of Foreman 

Date 

Note. The infortmiion on this side of the form to be supplied by the Foreman. 

(For instructions see other side.) 

Fio. 144. Accident Report (front) 


19 
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NoTK. The follotving information to be supplied by the Works Manager. 

Section B. Particulars op Injured Person 


10. Age years. Length of service years. 

11. If injured person employed less than one 
month on grade of work on which engaged 
at time of accident give date on which firsl 
go employed 

12. (Fatal accidents only) Married or Single 
Children Other dependants (if any) 

Kl. Private address 

Did injured man go home or to hospital? 
By what means? 


14. Present address, if not at homo, e.g. 
hospital 

1 5. Is injured person a member of an Accident 
Fund or Benefit Society certified under 
Section 31 of the Workmen’s Compensation 
Act, 1925? 

If so, give (a) Name of Fund or Society 

(6) Date of declaration on Fund or Society 

H). Is injured person insured under National 
Health Insurance Act ? 


Section C. Hours ok Duty of Injured Person 


Ml. 


21 


IS. Time comnumcod duty on date of accident 
M. Length of time on duty up to 
time of accident hrs. mins. 

20. Was injured person off duty for one whole 
day owing to accident? 


Regular Working Hours. 

From M. To m. 

Booked intervals for meals or rest. 

From M. To m. 

When (lid injured person cease work in con- 
sequence of accident? Tunc m. 

Date 19 

{a) When was accident reported by injunnl person ? 19 

{h) To whom was accident reported? 

{(') it not reported at time of occurrence, state v\hy 

also how and when did the Company become aware of the injury 


(Time) 


Se(’tion D. Medical Ati’kndani’e and First Aid 

22. Name and address of Doctor attending injured person 

Is this Doctor his Panel Doctor? 

211 {a) Was a doctor called in at time of accident? (b) If so, state name and addn^ss 

(c) By whom was he called m ? 

21. Was first aid rendered? If so, state name or names and grade 


Signed 


Date 


Works Manager. 
19 


Instkuutions 

1. In all cases of accidents to employees, wliether it involves absence from duty or not, a report 
on this form is to be jjrcparod by the responsible jierson in charge, and sent immediately to the 
Works Manager. 

2. If two or more persons are injured as a result of one accident, separate forms should b© used 
for reporting each case. 

3. When injuries have been caused by neglect or misconduct of oth(»r persons, full particulars 
to be reported of how, and by whom, injury was caused, and particularly in what respect person 
‘•ausing injury was to blame. Names and addresses of persons who witnessed, and can prove, the 
negligence or misconduct to be reported. 

4. Wherever possible, all witnesses of an accident should be rf'quested to sign a statement giving 
full details of the oeeiirrenee. 

Fig. 144 (contd.). Accident Report {reverse side) 
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treated with uniformity. If, as is very 
desirable, a motor ambulance is kept, 
it should be a duty of the transport 
officer to see that it is always ready 
for immediate use and m good running 
order, as well as being spotlessly clean. 

Accident Report 

In order to ensure uniformity in the 
recording and reporting of accidents 
it is highly desirable that a standard 
form should be drawn up, and a copy 
used on every occasion of an accident 
which prevents the individual carrying 
on his normal duti('s. The type of 
accident report recommended is shown 
in Fig. 144. There should be a report 
book kept by eacJi sliop as p(‘r Fig. 145, 
and one by tlie personnel d(‘partment 
as p(T Fig. 1 1(). 

Where th(‘ nature of the accident or 
injury is such that it necessitates the 
employee being aw^ay from duty for a 
period of thr(‘e or more days, it be- 
comes a reportable case to the distri(*t 
factory inspector, and a copy of the 
accident report must be sent to him 
within seven days of the date of the 
accident occurring. ^ 

Accident Statistics 

An analysis of accidents wliich have 
occurred in the >car, resulting in one 
complete day or more of absence from 
work, should be arranged as shown in 
Fig. 147. Tliere sliould also be an 
annual return showing tlic number of 
accidents and frequency and severity 
rates as shown in Fig. 148. 

The total amount of compensation 
payments made during each year 
should be recorded in the manner 
showm in Fig. 149. 


Workmen’jk Compensation Acts 

An Act which was passed in 1925 
and came into operation on the 1st 
May, 1926, consolidated the law re- 
lating to compensation to employees 
for injuries suffered in the course ol 
their employment. 

With certain reserv^ations it applies 
to any person who has entered into, 
or w'orks under, a contract of service 
or apprenticeship with an employer, 
whether by way of manual labour, 
clerical work or otherwise, and whether 
the contract is expressed or implied, 
IS oral or in wTiting. 

Any person employed on other than 
manual labour wdiose remuneration 
exceeds £8.50 per year, and any person 
whose employment is of a casual 
nature other than for the purpose of 
the emi)loyer\ trade or business, not 
being a person employed for the pur- 
pose of any game or recreation and 
engaged or paid through a club, is 
excepted. 

DepemUmis Entitled to Compensation, 
The dependants of an employee en- 
titled to claim compensation under the 
Act a7/e/r the injur ij results in death are 
such of the members of the employee’s 
family as were wholly or in part 
dependent upon the earnings of the 
workman at the time of his death, 
or w'ould have been so dependent 
but for the in(*apacity due to the 
accident. 

A person shall not be deemed to be 
a partial dependant of another person 
unless he was dependent partially on 
contributions from that other person 
for the provision of the ordinary 
necessities of life suitable for persons in 
his class and position. A posthumous 
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CLASS OF Accident 


I . Accidents in Connection with 

Power-driven Machinery 
IN Motion, including Trans- 
mission Machinery, Lifting 
Appliances, Cranes, ano 
Winches. 

(I) Cleaning, oiling or ex- 

amining 

(II) Adjusting or operating 

machinery 
(ill) Other accidents 
5? Accidents Due to Falling 

OR SLIPPING. 

(I) On floor, in yard, or Irdo 

pits . 

(II) From ladders, staging, 

roofs 

:i. Accidents Due to being 
Struck by Falling ()bje('ts 

(I) Objects drojjped bv 

workers overhead 

(II) Objects dropped from 

cranes, slings 

(III) Objects dropped by in- 

jured p(jrsous 

(iv) Other falling objects 
4. Accidents Due to Stkikin<i 
OR being Struck by Pro- 
truding objects. 
r>. Eye Injuries from Flying 
Parti OLKH and Cihppings. 

(!) Fiom abrasive wheels 
(II) Whilst chipping, riveting, 
and caulking, by hand 
(ill) Ditto, by po\^er-driven 
tools 

(iv) From work in imu bines 

(v) Whilst stripping, cleaning 

or assembling \eiii(’lo.s, 
locomotives, boilers 
(other than (ii) and 

( 111 ) ) 

(vi) Dy work of other porsoii'i 
(vll) Other causes 

(J. Accidents in Connection with 
Use of ToojiS. 

(i) Hand tools . 

(li) Po»*table jmwor t ools 
7. Accidents Dub to Liftin(. 
ARTK'LES. 

(i) Strains, sprains, rup- 
tures 

(il) Outs, bruises, abrasions . 
H. Accidents caused by Strains 
Other than by Liitinc. 
Articles. 

1) Accidents Caused by Hurns 
OR SCALDS (other than 
electric shock explosions) 

1 0. Accidents in Oonnei’tion with 
Moving Vehicles, shop 
Trucks, and Harrows. 

(i) }Iand drawn 
(li) Power driven 

I I . Accidents Requiring Special 

Investigation, such as Oan- 
BiNG, Electric shock, and 
Explosions. 

12. Other ChiAssBs op Accidents 
I' otal number of accidents resulting 
in absence Arum duty for oiu 
complete day or more (all classes 
of accident, 1 to 12 above) 



A’»rfe. Y.P. - Young Persons (i.e. Emidoyeea under 18 years of age) 

Fig. 147. Analysis 
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Specific 
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Due to Causes 
(6) to (0 only 

Total Number 
' of Accidents 

Due to All 
(’auaes (a) to (/) 

J' 

(h) 

(i) 

(k) 

(1) 


1 


A. 
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Adults (i.e. Employees 18 years of age and over). 


Accidents 
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child at the time of the father’s death of the Acts, be deemed to continue to 
IS deemed to have been born so far as be the employer of the workman 
it IS for the benefit of such child. Avhilst he is working for that other 

By the Workmen’s Compensation person. 

(Suppleinentarv Allowances) Act, 1940, Weekly Payments for Partial In- 

NUMBER OF ACCIDENTS AND “FREQUENCY” AND “SEVERITY” 

RATES DURING THE YEAR 1940 


Details 


(A) 

1 Number of accidents causing absence 

for one full da> or more, but less 
than a week 

2 Number of accidents causing absence 

for om week or more 

3 Number of accidents causing known 

permanent partial disablement 

4 Number of accidents causing known 

permanent total disablemcmt 
.5 Number of fatal ac < idents 
0 Total miinbor of accidents (1 to 5 
above) 

7 Number of 10,000 man hours worked 

in the period 

8 Number of hours lost during the 

period by accidcmts which occurred 
III the period 

9 “ FuFgiTLNCi Rati* (i e number of 

accidents per 10,000 manhours 
worked during the jicuiod) 

10 “Sevfrit\ Ratf (i e number of 
hours lost during the period per 
10,000 man hours workcnl during 
period) 


Note Wherever the word Arc idc^nts 


Accidents 

Industrial Diseases 

Young 

Persons 

Adults 

Young 

Persons 

Adults 

(B) 

1 

(D) 

(E) 

44 

4 

— 


92 

1 12 

1 

2 


1 



135 

17 

1 

2 

742 

70 

743 

742 

20 90Ui 

1,957J 

199 

1,283 

18 

24 

001 

003 

28 17 

27 97 

27 

1 73 


IS uschI it also includes ‘Industrial Diseases ” 


Fig 148 Numbfu of AcciDKNrs and Frequency and Severity Rates 


the scale of pa\ ments laid down l)\ tlu 
Act of 19‘25 was increased 

Meaning of ‘‘ Employer'' tn the Acts. 
Where the serxiccs of a workman arc 
temporarily lent or let on hire to 
another person b> the perscjii with 
wdiom the workman has entered into 
a contract of service or apprentice- 
ship, the latter shall, for the purpose 


capacity Compensation. In cases where 
a workman is partially incapacitated 
and his pre-accident earnings are 
thereby reduced, partial incapacity 
compensation is paid, the amount 
paid being determined hy a somewhat 
inv olwcd mathematical calculation. 
As will be seen later, the basis of the 
calculation is the prc-accident earnings 
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of the workman and the average 
weekly amount which he is earning 
or is able to earn in some suitable 
cniployment after the accident. 

Average Earnings of a Workman. As 
a basis for fixing a workman’s total 
incapacity compensation rate, his 
weekly earnings for twelve months 
prior to the accident are taken and 
divided by 52, the amount arrived at 
being determined as his pre-accident 
earnings. 

The divisor of 52 is reduced in 
certain eases (six days constituting 
one week) to allow for illness, acci- 
dents on duty, special leave without 
pay, disci}>linary suspension, and a(‘ci- 
dcntal breakdown of plant or machin- 
ery. It is important to note that in the 
case of works holidays, short time 
working, absence without leave, and 
strikes (including time lost as the 
result of strikes not immediately con- 
nected with the workman’s employ- 
ment) sueli absences do not constitute 
a break in the einployinent. Accord- 
ingly no deduction is made from the 
divisor in respect of them, the actual 
earnings being taken and divided by 
the full 52 weeks. Fig. 150 summarizes 
llie application of the Acts in the cas(‘ 
of both total and partial incapacity. 

Fatal Accidents. The compensation 
to be paid for a fatal accident is cal- 
culated as follows — If the workman 
leaves any dependants wholly depen- 
dent on his earnings, the lump sum 
shall be a sum equal to his earnings 
in tlie employment of the same em- 
ployer during the three years pre- 
ceding the injury, or the sum of £200, 
whichever is the larger, but not 
exceeding in any case £300, exclusive 




F'ig 149 . Compensation Payments 
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RATE OF WEEKLY COMPENSATION PAID FOR TOTAL INCAPACITY 


(a) Where average weekly earnings amount to or exceed CtOs. 


Average Weekly 
Earnings for 

52 WeelM Prior 
to Date of 
Accident 

Computation of 
Rate of 
Compensation 

Amount of 
Compensation 

Suiiplementary 

Allowance 

Total Amount 
Payable 

508. or over 

50 per cent, but 
not exceeding 
30s. 


os. 

— 

.<hg.~- 548. 

50 per cent 

278. 

5s. 

32s. 


(6) Where average weekly earnings are under 50«. 


Method of (Computation 


Typical 

Average Weekly 
Bamlngs 

50 por cent of 
Average Weekly 
Earnings 

Dificrence between 
50 per cent of 
Average Earnings 
and 25s. or the 
Average Earnings 
(whichever is the 
less) 

50 per cent of Such 
Difference to be 
Added to 50 per 
cent of Average 
Weekly Earnings 

Supplementary 

Allowance 

Total Amount 
Payable 

s. d. 

45 0 

8. d. 

22 6 

8. d. 

2 6 

8. d. 

1 3 

8. d. 

5 0 

8, d. 

28 9 


Examplio - 

111 tho case of an oiiiployeo earuinj^ 
f>0s. per week lie would receive 
Witli one child ho would receive 

With two children he would receive . 


With three children ho wtnild receive 


With four children he would receivt' . 


.V. d. 


30 

0 

1.0. 

34 

0 

1.0. 

38 

0 

1.0. 

41 

0 

i.o. 

43 

9 

i.o. 


becaw^e the ^ths niaxirnuin allowance stipulated 


25s. weekly compensation plus 5s. supple- 
mentary allowance. 

25h. compensation plus 5s. supplementary 

allowance and ds. children’s allowance. 

25s. compensation plus 58. supplementary 

allowance and two amounts of 4s. children’s 
allowances. 

25h. compensation plus 58. supiilornentary 

allowance and a further 3s. children’s 
allowance. 

95s. compensation plus 5s. supplementary 

allowance and a further 28. 9d. in respect 
of children’s allowances. 

in the Act of 1 940 would then be reached. 


RATE OE WEEKLY COMPENSATION PAID FOR PARTIAL INCAPACITY 
Example ^ y 


If an employee was earning 50s. per week 
before his accident and iOs. per 
week after n^turning to work he 


would receive H 0 

With one child he would r(M*eive . (i 10 

With two children ho would receive . 7 8 

With three children he would receive S 3 


i.e. a partial incapacity payment of 58. and Is. 
supplementary allowance, the partial in- 
capacity payment representing Jth of the 
total incapacity payment, which would be 
258. per week. 

tho additional lOd. representing ^th of 4s. per week, 
representing lOd. additional for the second child, 
being an addition of 7d. representing Jth of 38. 
per week. 

an addition of 6d. only. 


With four children he would receive . 8 9 

because 8a. 9d. is |ths of the difference between tho pro-accident and post-accident earnings, 
and }th8 is the maximum allowance. 


Fxa. 150. Application of the Workmen’s Compensation Acts 




Sprain** Strain** etc 
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of children’s allowance. In case of 
dependants partly dependent upon the 
earnings of the deceased the lump sum 
shall not exceed the above amount, 
but may be determined by arbitration 
to arrive at a reasonable sunn 
In addition to the above an allow- 
ance is given for children who were 
wholly dependent upon the deceased, 
and the anKuint arrived at is calcu- 
lated upon the deceased’s earnings, 
and based on the ages of the children 
up to the time of their attaining to 
15 years of age. In any ease the total 
amount payable in the event of death 
shall not exceed £000 including both 
dependants’ and children’s allow- 
ances. If the workman leaves no 
dependants, the lump sum shall be an 
amount equal to the reasonable ex- 


penses of his medical attendance and 
burial, not exceeding £15. 

Accident Advisory Committee 

Every factory should have its own 
accident advisory committee, prefer- 
ably a small one. The chairman should 
be a member of the managerial staff, 
and the secretary a member of the 
personnel department. The other 
members should include the head 
foreman of the shop, a member of the 
sliop committee, and a qualified am- 
bulaiK'c man from the shop where the 
accident has occurred. Such a com- 
mittee can achieve much useful work. 
Tabulated information of the type 
shown in Fig. 151 should be plaeed 
before the committee and recurrent 
cases analysed. 



CHAPTER XII 


THE LARKIN SYSTEM OF WORKSHOP TRAINING 


Introductory 

It is onlv during recent years that 
closer attention lias been paid by 
\arioiis authorities to the systematic 
training of apprentices. 

It will be generally admitted that 
the training of those apprentices who 
normally become craftsmen on eom- 
[iKtion of th(‘ir apprenticeship is 
rr(‘(picntly conducted on more or less 
liapha/ard lines cvtii in what may 
otherwise b(‘ regarded as well- 
organized workshops, and at the best 
oft (‘11 l(*av(‘s much to be desired. 
Neldom, if ever, does th(‘ appnmtiee 
know^ w'here he is destined to arrive 
iitluT (luring or at the end of his 
a|)i)r(‘ntieeship, and although in cer- 
tain eases h(‘ ma\ be fortunate with 
Ins training, h(‘ is often (h'cidedly the 
r(‘\ erse. 

An()tlK‘r undesirable fact is that 
wh(‘n bo\s are placed in a workshop 
those showing special ability are, on 
aeeount of their usefulness and in- 
dustry, \erv often retained for some 
tune on a particular section inst('ad of 
obtaining (‘xperienee in other seetiims 
of the shop. The inevitable iTsult is 
that tiny complete their time without 
projier training in certain all-important 
aspects of th(‘ work. Other boys with 
less ability, who contrive to make 
nuisances of themselves, are thereby 
henefited by being passed on from one 
section to another. There are some 
too wiio are, as often as not, destined 


to follow^ a trade for wdiich they are 
wholly unqualified and unsuited. 

It is som(‘tim(‘s said that the 
apprentice of the modern factory is 
not nearly so well qualitied as his 
pr(*deeessor ; that, owing to mechani- 
zation and s})eeialization, the former's 
training is necessarily a limited one, 
which lea\(^s him incapable of taking 
on elsewhere, with any degre(‘ of 
assurance, the craftsman's job for 
wdiieh he is r(‘garded as haxing been 
train(‘d. rnfortunately this is fre- 
qiumtly true, but, as wdll be explained, 
if a w(‘ll-planm‘(l training system is 
employed, it is possible to provide 
the apprentice of to-day with a 
training sup(‘rior even to that of his 
pred(‘(*(*ss()r. Whatever scheme is 
adopted it should be s(‘lf-organizing, 
otherwise the control of a larg(‘ num- 
ber of apprentice's is a laborious 
undertaking. 

Manx are af)! to think that the only 
thing XX liieh matters is th(‘ quickest and 
eheap(*st method of g(‘tting a job 
satisfactorily done. This is not so, as 
much thought should also be givxn to 
the training of the apprentice, on the 
eomj)l(‘teness of whose practical ex- 
perience his future, and incidentally 
that of the engineering profession, 
depends. 

Equal Opportunities Essential 

Kxxry w^orks should aim to give all 
its apprentices an equal chance xvithin 
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the limits of the factory. An ideal 
course for one apprentice at the ex- 
pense of another is to be wholly 
deprecated. The Larkin system can be 
claimed to be the only one whieh will 
give everyone in eaeh grade the same 
opportunity of gaining experienee. 
This is achieved by allotting a definite 
time to each particular section, the 
application of the system being made 
dependent on — 

(1) The normal number of appren- 
tiees required in the shop. 

(2) The agreed time to be spent in 
the shop. 

(3) The actual number required on 
each section. 

Any deviation from this principle will 
inevitably give- someone a better 
chance at the expense of anotlier. 

A further advantage is that the 
needs of production, so far as appren- 
tice work is concerned, are best met 
by the Larkin system, as new entrants 
will eoino in at })reaTranged intervals 
of time, and the flow of both appren- 
tices and work will thus be consis- 
tently uniform. 

This system (»f workshop training 
was evolved by the author towards the 
end of 1981. It rt'prcsentcd an entirely 
new departure in training schemes and 
is built up on the assumption that 
continuity of work is required, i.e. 
that the flow of work is regular, and 
that no interruption of this can be 
allowed. 

In addition to being logically sound, 
the system is believed to be unique. 
It is certain that no other system is 
so completely impartial, and its ap- 
plication will greatly enhance the 
reputation of any works’ organization. 


Whilst it is appreciated that the 
application of this system must of 
necessity differ at every works to 
suit particular requirements, the prin- 
ciple involved can be readily applied 
anywhere. 

Before explaining the system in 
detail it may be helpful for others 
concerned with training, and in any 
case will not be without interest, to 
relate how it was evolved. 

Difficulties where No System Exists 

Soon after the author was appointed 
to supervise the affairs of some 600 
apprentices, he was forcibly struck 
with the amount of time taken up in 
dealing with personal applications for 
transfers. Every day there would be 
at least one who bewailed the fact 
that he was long overdue for a trans- 
fer and that he had seen his foreman, 
who had been unable to do anything 
for him. Eaeh apprentice had to be 
questioned regarding the training al- 
ready received, and in the absence of 
any permanent record other than that 
of the shop in which the apprentice 
worked, his account had to be verified, 
as best it could, by consulting the 
particular foreman concerned. 

In order to minimize these com- 
plaints it was arranged for equal num- 
bers of- apprentices, say three or four 
at a time, to be transferred from one 
shop to another. The arrangement 
was not above criticism — ^and needless 
to say received it ! — ^yet in the circum- 
stances it appeared to be the best 
solution to the problem. To say the 
least, it was “hit or miss” from 
beginning to end, and the one who did 
the most “ shouting,” and who possibly 
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nanaged to get the most varied 
vperience, was not necessarily the 
,,,ost deserving candidate. Quite 
.ipiirt from this aspect, another thing 
N\ith which to contend was what then 
a]^})eared and still appears to be the 
almost universal practice observed 
when apprentices are engaged. This 
IK wcrixi practice is for an apprentice to 
\)c started when a craftsman leaves 
tiu ser\icc for any reason — a system 
wineli has no logical basis. The dis- 
parii.N between a craftsman’s normal 
kh^»th of service as a craftsman and 
iliat of an apprentice as an apprentice 
IS \(ry marked, the lengths generallv 
lx ing m the proj)ortion of 7 to 1. 

It will thus be seen that for the fore- 
going arrangement to work satisfac- 
torily there should be seven times as 
inanj craftsmen as apprentices, yet in 
aetual practice this is not usually 
(lisirable and therefore probably never 
happens. Consequently it is not sur- 
prising to learn that sooner or later a 
lor(‘Tnan found it imperative to send in 
i\ ‘‘requisition’” for a numlier of ap- 
prentices. As one might expect, this 
NN<is done at irregular intervals, with 
the result that it was not uncommon 
tor as many as six apprentices to 
h( start (‘d in some of the biggcT 
^tiops at the same time. Quite obvi- 
ouslj this was not a sound arrange- 
ment, because in the first place the 
work w^as either being held up or (‘Ise 
it was being done uneeonomieally by 
adult staff; and, secondly, there was a 
considerable amount of unproductive 
training, with its consequent disadvan- 
tages, taking place at the same time. 

There is another disconcerting fea- 
ture which has appeared all too often. 


Although certain shops have little 
scope to offer, it has been the misfor- 
tune of many a bright young man 
(one questions whether he would be as 
bright at 21 !) to commence and com- 
plete his apprenticeship with only one 
or, at the most, two moves. These 
various points are specially stressed 
because they appear to be common in 
wwks of all kinds. Hence it was not 
surprising that the w hole position w^as 
very much to tlie for(‘ in the writ(T\s 
mind, and every workable channel 
which might coneei\ably offer a real 
solution was thoroughly explored. 

Coding of Sections 

To begin with, every section in each 
shop was suitably coded, and a (‘hart, 
wdiich will b(‘ more fully (‘xplain(‘d 
lat(T, was prepar(‘d for recording in 
convenient form the training r(‘eei\(‘d. 
It was subsequently ase(Tlain(‘d how 
many apprentices were normally en- 
gaged on each section. This, in turn, 
led to the realization that in order to 
maintain llie correct numlHT on the 
section, and pass on at the right time 
an apprentie(‘ from one section to 
another, there must 1)(‘ a definite 
relationship betw(‘(‘n the tinu* spent 
and the number employed on the 
section. 

WJiat was this relationship? After 
all, it w(juld be easy to arrange an 
ideal worksliop course for the indi- 
vidual if the needs of production were 
ignored, more easy still p(*rhaps if the 
shop staff was small, but such an ideal 
course* would inevitably lead to inter- 
mittent work— a thing incompatible 
wdth economic production. The ap- 
prentice is an integral part of the 
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organization and must accordingly 
give the required output in addition 
to acquiring knowledge of his trade. 

Equal Periods of Training for All 

It was realized that it was necessary 
for each shop to have a uniform period 
between successive apprentiees enter- 
ing the shop, depending on the number 
required in the shop as well as on a 
definite limiting total period in the 
shop. It is important to stress these 
two points because it followed from 
these that the period on each section 
was dej)endent on tlie number em- 
ployed on the section and was equal 
to or a multiple of the period b(‘tween 
two apprentiees entering the shop. 
And so it was that the system which 
th(‘ author has nanu'd ''The Larkin 
System of I^rogrcssive Training,” in 
vi(‘w of the ap[)rentiee automatically 
progressing from section to soetion at 
pr(‘det(‘rminate intervals of time, came 
into b(‘ing to the imnu^diate advantage 
of sev(‘ral hundrc‘d apprentiees. 

Fundamental Principles 

Unless the circumstances are exeep- 
lional, there is no reason why an 
ap])rentice should not reeeivv a pro- 
portionate amount of training on 
every section of the shop in which he 
is engaged. In other words, every 
apprentice* should be given an equal 
opportunity and, as already stated, the 
key to this arrangement is that, having 
once d(*eid(‘d on the average period 
to be spent in a j)articular shop, the 
length of training to be given on each 
section in that shop is directly propor- 
tional to the number employed on the 
section com})ared with the total 
number of apprentices in the shop. 


Let us take a simple hypothetienl 
case, as shown by Fig. 152. If then 
are fifty apprentices in a shop of thrcf 
main sections, A, B, and C, wdiere it is 
desired to give a total of five years' 
training, and on section A there an 
twenty-five apprentices, on section b 


Section 

No. of 
AppronticPh 
licquiTod 

Proportion 
of Total 
Time in 
Shop 

Actual 
Period on 
Section 

A 


2.5 

.50 

-i years 

B 

10 

10 

.50 

1 year 

V 

If) 

1.5 

,50 

1 J years 

Totals 

.■>0 

.50 

50 

.5 years 


FT(J. ir)2. Plannincj of ThAININ( 3 Goi KS^ 
(H\ POTHIITK’AL GaSK) 


ten apprentiees, and on section L 
fift(‘en apprentice's, then each must 
spend jrjp and \i\ of five years 
respectively; or y(*ars, 1 year, and 
Lj years on the 1hr(‘(* s(‘etions, to 
achieve the desired object. An\ 
attemj)t to deviate from these periods 
will quite definitely residt in continuilx 
of work b(‘ing brok(‘n dowoi, or alteTiia- 
tively wall give one individual a better 
training at the expense of another. 

It may, of course, be suggested that 
because certain work calls for eon- 
sideral)le skill, and is experience to be 
desired, an apprc'utiee should have a 
longer period on it than on other work 
which is less skilful and where the 
experience gained is not so valuable. 
Unfortunately such an arrangement 
can only be applied where the greater 
volume of work coincides with the 
more skilful job. The normal volume 
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of work must always be the determin- 
ing factor in fixing the period to be 
spent on any section, notwithstanding 
th(‘ experience value of the latter. It is 
most important that this fundamental 
fact should not only be grasped, but put 
into practice, otherwise the training 
system cannot possibly be satisfactory. 

It should be appreciated that in 
\\ hat ever shop an apprentice may be 
started, or to which the apprentice is 
being transferred, an age limitation 
sliould be strictly adhered to, as neeessi- 
tated by the principle of the scheme, 
apart from any question of the candi- 
date’s suitability for a particular trade. 

Seniority by age, and not length of 
s( r\ ice, should be the governing factor, 
on conclusion of a six months’ mini- 
mum period, for a trade apprentice to 
lea\e the initial stage in the shop 
which IS regarded as the coinincncing 
point for the majority of the ajipren- 
ticc‘s, thus preventing the older appren- 
tice, who possibly has attended a 
cenlral or a secondary school until 
attaining to the age of 10, from being 
in an\ wa\ penalized. The movement 


of apprentices at the initial stage 
should be controlled by a schedule 
board, on which, after the first six 
months, the names are arranged in 
order of age with one hook for each 
apprentice’s card. 

The Larkin System in Operation 

Consider first the case of a copper- 
smiths’ shop where a minimum appren- 
ticeship of five years is necessary in 
order to conform to trade require- 
ments, and where, say, a total of 
eleven apprentices is required. The 
progressive interval between suee(*ssivc 
apprentices entering the shop should, 
therefore, be of a year, wdiich 
equals 5] months. To simplify mat- 
ters, six months should be substituted 
for 5.J months, thus making the appren- 
ticeship 11 I year, which ecpials 

years. In otluT words, the appren- 
tice coppersmith must commence in 
tlu‘ coppersmiths’ shop at not more 
than 15l years of age. 

Assuming four distinct sections in 
the sliop, the position will be as shown 
in Fig. 153. 


( ()(jo ' 
H('f I 


VI 

V2 

03 


04 


DeHiiiption ot Seftioji 


Small Pipe Work 

AH Classes of Pipe Work 

Betiding to Tempkits , Welding Small 
l^ipos 

Sheet Metal W\)rk 


Totals 


j Nninbor ol 
Ayipioiit i( os 
^ llocpiirod 

^ 4 

2 

4 

I I 

I 

I 11 


Proportion of 
Total 1’imo 
Hi Sho]) 


4 

11 

o 

11 


J 


11 


Atlual Ponod 
on Suction 

\ FH Mthw 

1 

2 

6 

5 6 


Fiq. 153. Planning of Apfkenticl Coppersmiths’ Coursl 


‘■S (B 3S4) 
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Fig. 154 illustrates the type of 
chart which should be framed and 
posted in the shop where it can be 
seen by all concerned, a framed copy 
also being placed in the foreman’s 
office adjacent to the sehedule board. 

Scheme lor Erecting Shop 

Consider next an erecting shop where 
the class of work is generally fairly 


enable him to become an efficient 
erector. 

The nature of the work in the erect- 
ing shop may be such that it is con- 
sidered practicable to give training on 
all sections, provided that the ability 
of the apprentice warrants it. It may 
be, too, that there are as many as 18 
separate sections, and as the total time 
to be spent in the shop is 86 months. 


I 


Code 

Kef. 

Particulars of Work Done 
on Section 

1 Period on 

I Section in 
Years 

Cl 

Small Pipe Work. 

2 

C2 

1 

All ClasHOH of Pipe Work 

1 

1 

C3 

Rending to Teinjiletn ; Welding 



Small Pipes 

2 

C4 

Sheet Metal Work 

i 


Total . 



Remarks 


To be transforrod from the Machine 
Shop at not less than 15 years anti 
iu)t more than 15J years of age 

Transferred from Section Cl 

'Pransferred from Section ("2 

Transferred from Section C3 


The period on each Section is dependent on the number of apprentices normally employed 
on the Section, and for that rtiason no dt^parture will bo made from such period. For thti 
successful working of the scheme it will be necessary to start one appi’entico on Section Cl 
every six months, and this arrangement will be ensured. 


Fio. 154. Apfhkntk’k Thainino Sou£me for CoprKRSMiTHs’ Shop 


heavy, and may vary between a some- 
what rough class of job and a highly 
skilled one. It is essential that the 
selected apprentice must be growing 
up into a young man and already have 
had some experience at the bench. 
For this reason, a suitable apprentice 
should be selected from the litting 
shop, or similar shop, who has 
received the desired training and is 
not more, say, than 18 years of age, 
thus giving him three years before 
completing his apprenticeship and 
ensuring that he has sufficient time to 


the average period to be spent on each 
section is 36 months divided by 18, 
which equals 2 months. In .such 
a shop the sehedule board should 
be divided into weeks instead of 
months, as illustrated in Fig. 155, 
to enable the scheme to be worked 
more easily. 

Working of the Training Scheme 

The actual working of the scheme is 
simplicity itself, and should be carried 
out as follows — 

A master schedule board. Fig. 156, 
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P^^ocressiveTrainincSysteiv* 
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Fig. 150. Master Schfdule Board Located in Staff Office 
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should be kept by the personnel 
department to be utilized for operating 
shop-to-shop transfers. As will be 
seen, the arrangement of the board is 
such that it is divided into calendar 
months and covers a period of two 
years. A card, about 2 in. square. 


date on the card revised. The six- 
monthly transfer can then be for- 
gotten until next March arrives, when 
the transfer is again carried out and 
the card moved forward to September. 
Thus, without any difficulty, the staff 
clerk controlling the master moves has 


ProcressiveTrainincSystem 

1 : A' V/,, ;. . 

T M A ■ " ■' ' 


> / P" 










MEaEaBnaGaonBUiiiiiiiiBiiois 

BBJaBHUBaBHBBaHBDnBB 


Fio. 157. ScHisDitLE Boakd Divided ieto Months 


should be used for each “master” 
move required, that is to say, for each 
move which involves a new entrant 
or a transfer from one shop to another. 
For instance, it may be that an 
apprentice is to be transferred from a 
certain shop to another shop every six 
months. The card will give these par- 
ticulars without reference to any par- 
ticular individual. Assuming that it is 
now September, and that the position 
of the card on the board coincides 
with that month, then the card will be 
moved forward on the board — as soon 
as the transfer has been effected — ^to 
March of the following year, and the 


a constant reminder of wliat transfers 
are required as each month comes 
along. A hinged glass front to the 
master board will minimize the possi- 
bility of the cards being displaced. 

In the shops, section-to-section 
transfers will just as readily be carried 
out. In the foreman’s office of each 
shop there should be a schedule board 
on which are placed, on similar cards 
to those used by the personnel depart- 
ment, all apprentices employed in the 
shop, each card bearing the name of 
one apprentice and showing the dates 
on which he is to be transferred to the 
various sections. The working of the 


THE LARKIN SYSTEM OF WORKSHOP TRAINING 


201 


shop boards will be similar to that of 
the master board in the personnel 
department, the only difference being 
I hat with the one, shop-to-shop trans- 
fers will be controlled, this being done 
initially without reference to any indi- 
ndual, while with the other, section- 
to-section transfers will be effected 
in accordance with the prearranged 
schedule, the transfer being applicable 
to some particular individual. Fig. 157 
shows such a board, the top portion 
being identical m principle to the 
master board used in the personnel 
department indicating the date when 
any particular individual is due for 
transfer. The bottom portion of the 
schedule board shows the normal 
quota required and the actual number 
engaged on each section. Underneath 
the card which gives the actual num- 
ber engaged on the section is a card 
for every apprentice on the section, 
giving his name only; as the appren- 
tice IS moved, so this card is also 
moved. Thus the number of appren- 
tice cards acts as a positive check on 
the number stated on the front card, 
which represents the actual number 
engaged on the section. 

It will be observed from Fig. 155 
that the shop board is shown sub- 
divided into weeks, instead of months. 
This may be necessary owing to the 
frequency of the transfers from section 
to section. In the case of the smaller 
shops, where the apprentices are few 
and move less frequently, and possibly 
all together, the schedule boards used 
may be simpler still. They merely 
indicate the various stages and the 
apprentices engaged thereon, one card, 
instead of two, sufficing to control the 


movement of each apprentice. Such a 
board is indicated in Fig. 158. 

Record of Training 

A weekly return should be sent to 
the personnel department showing the 
progress of each apprentice who has 

* ' J-»r 

Tradt Appmtiifrs 



Fl(. I ■)H S( HI Dll I HoAUI) lOK Smaii 
Shop 


been mo\ ed to anotluT section or shop, 
and the information recorded m an 
abbreviated manner on a standard 
training chart. Fig. 151). In this way 
the whole of the training rceened will 
be both systematically and readily 
recorded, and as these reports will 
come from various foremen who most 
probably are not aware of what has 
been sent in on a previous occasion, a 
very accurate and comprehensive 
record of the training given, the 


Fig 159. Record of Training Chart 



ftorug I 
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progress made, and the present loca- 
tion of every apprentice, will always 
}>( available. Alternatively, a card 
s\ stern can be adopted, one card being 
used for each apprentice. 

The main point is that every works 
should have a permanent record of the 
^^()rk done by each apprentice. It may 
lie required at any time in connection 
witli promotions, for reference or disci- 
plinary purposes, or even for dealing 


Ajhlity 

fWf HeJ 

V'ery (tood VO 

Avomgi* . A 

Kail . ^ K 


clerical work to a minimum it will 
ensure a definite standard from which 
comparisons can be made, and will 
eliniinale the complications which 
occur if long, dissimilar remarks are 
given. These reports will be especially 
valuable in deciding whether or not 
the apprentice is worthy of retention 
as a craftsman on reaching 21 years 
of age. When it is not possible to 
report on an apprentice on these lines, 

Attkntjon to Di;tii:s J 

I I 

I lief 

Very Al tonf i\ VA j 

I *' I 

(lootl I G 

I Moderates I M 


Kk.. 160. Kodk K)K Kj.couihv(4 Siandahd ui< Ki i k inNt \ 
(Giving uino lombmntions) 


uilli a complaint from the ap})rentic*c‘ 
lums(‘lf. No one could evTr prove 
tliat it was right to ring up the 
\arious shops to ascertain what train- 
ing an apprentice has been given and 
what progress he has made. Nor is it 
(h'sirable e\en that the suggest i‘d card 
record should be passed from one shop 
to another for the shop clerical staff to 
(alter the record, because an impartial 
report is required, uninfluenced by 
what has gone before. It is essential- 
1\ a staff record which (*very wedl- 
organized works will keep. 

Method of Recording Progress 

The formula shown in Fig. KiO is 
suggested for reporting on the progn^ss 
and ability of apprentices each time a 
move is made from one section to 
another. Apart from reducing the 


the nanarks which it may l)(‘ luacssary 
to give will s(Tve th(‘ jmrpose of draw- 
ing special attcaition fo any indi\ idual. 
For instance, if the progress of an 
apprentice is so poor that he cannot 
be classed as (‘ither fair or moderate, 
the remark '‘Foor” will ha\e to b(* 
inserted in full in the appropriat(‘ 
column. 

Flexibility of System 

If an alteration in th(‘ flow of work 
in any particular sliop necessitates a 
revision in the number of apprentices 
required on any of the sections, or in 
the total number in the shop, the 
chart (Fig. 154) which controls the 
training course can readily be amended 
to suit the new conditions, and the 
necessary adjustment will then become 
automatic. 
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In the belief that the system out- 
lined is the ideal, and that it is well in 
advance of any other, the author 
unhesitatingly commends it to all 
associated with the training of appren- 
tices and kindred grades. 

Brief reference should here be made 
to the very definite need for every 
trade apprentice to undertake a 
systematic course of part-time day 
and/or evening classes throughout his 
apprenticeship. No craftsman can 
carry out his duties efficiently if he is 


unable to understand and read a 
drawing or to work out a simple 
arithmetical problem when the neces- 
sity arises. Generally it is the one who 
possesses a little more than average 
knowledge who is selected for a 
higher position, and whilst it is not at 
all certain that any theoretical know- 
ledge gained will ensure his getting a 
super\isor’s job, it is definite that lu 
will not be given the splendid oppor- 
tunity if he has not acquired that 
essential knowledge. 



CHAPTER XIII 

THE EMBRYO ENGINEER 


Opinions differ widely as to how a 
inechanieal engineer is best trained. 
Much has already been said on the 
subjeet and previous writers have 
pronounced their considered verdicts. 
Ma>' the author, however, now state 
the ease as he sees it, having for 
s(‘V(Tal years in the past interviewed 
as many as 250 pupil and apprentice 
applicants per annum, some of whom 
were from the huml)l(‘st oul-of-lhe- 
way elementary schools, whilst others 
came direct from public schools and 
from universities. 

Many fathers think, because their 
sons are interested in the hobbies of 
the average boy, that those sons are 
ineehanieally minded. In reality, if 
the growing boy is keenly interested 
in liis model engine, his meccano set, 
or his so-ealled seientifie puzzle, it 
merely indicates that he is developing 
Ins brain in a perfectly orthodox 
manner. Not every such boy is 
destined to become an engineer. From 
personal observation it has been found 
that few boys really know what they 
desire to become. Generally, indeed, 
they have no conception as to what 
IS implied by the various professions 
and vocations. Except, therefore, in 
isolated eases, which latter are readily 
distinguishable, one should not attaeli 
too much importance to the spare-time 
pursuits of the average boy whilst at 
school. 


Essential Qualities 

In the author’s opinion a satisfac- 
tory candidate needs to be both stu- 
dious and practical. By “studious” it 
is implied that he should luivT a 
natural aptitude lor any of the 
sciences, and more particularly for 
mathematics, th(‘ latter being the very 
essence of logical and d(‘(‘})-seated 
thouglit, a quality so essential to the 
successful engineer. The word '"prac- 
tical” implies the desire to reason out 
the why and the wherefore of any- 
thing which mav come one’s way, and 
not merely to take it all for granted; 
a desire to make a really good job of 
anything to be done whether it be at 
school or outside; above all, the power 
to be nu'thodieal. 

As in evTrything else it is possible to 
meet the exception to this rule, yet 
broadly speaking any boy who con- 
forms to the description given is a 
likely candidate for the engineering 
profession. He lias at least the right 
temperament, and his innate ability 
will slowly but surely reveal itself as 
he gains experience*. 

Theoretical Aspect 

It will be convenient to consider 
first the theoretical requirements of 
an applicant. In these days of high- 
(*r education and greatly enhanced 
facilities for acquiring knowledge, it 
cannot be considered that any boy of 
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normal intelligence and physique has 
justified his existence if he has 
attended a secondary school or public 
school until he has attained to 16 years 
of age, and yet has not matriculated 
or obtained the school certificate as 
set out in Fig. 161 . It is certainly 


SUBJECTS OF EXAMINATION 


EngliHh. 

Foreign Language. 

Elemental y Mat iieinat les 

MeihanuH 

PhyHK H 

(’heniistry 

MatheinatieH (more advanced) 
Oeoinetra al and MethaiiKal 
Drawing 


Aiiv twoofiiiun 
optional KiibjMts, 
of \\hifli theai 
tiv( an tin most 
Hintahh for in 
( iiKiiK < riiiK ( mu 


many seems to have no satisfactory 
solution. There is certainly a great 
danger in such cases that the young 
man, having experienced shop lift 
with its heavy work and comparatively 
long hours, will not too readily settle 
down again after the minimum thret 
years’ course at the university. There 
is, too, the possibility of the manage- 
ment having changed to such an 
extent whilst he is at the university 
that on his rt'turn he finds the factory 
a very different place from when he 
left it, and not ^necessarily to his 
liking. Satisfactory results are some- 
times obtained, however, by this 
procedure. 


HU. Matiuculatkin and S( hddi 
(S iUTiT i( ATI Examinations 

desiral)le that every young man who 
wishes to become an engineer should 
have passed one of these examinations, 
or the equivalent, before proceeding 
with his engineering training. This 
latter may be divided into two 
sections— practical and theoretical. 

Everyone is unanimous that prac- 
tical training is an absolute necessity; 
indeed, the more the better! It is 
therefore the acquiring of the requi- 
site amount of theoretical knowledge 
wliieh is surrounded by so inueJi con- 
troversy. Just how and when it should 
be obtained is the highly^ important 
question. Whether it is better for the 
embryo engineer to serve a compara- 
tively sliort term, say of twelve 
months or of two years, in the work- 
shops prior to his going to the uni- 
versity, with a view to his returning 
for a further period in the shops, is a 
vexed question, and one which to 


Pupilage or Apprenticeship 

The ideal method, in the author’s 
opinion, IS for th(' candidate to go to a 
university" direct from school and 
during the vacations to obtain prac- 
tical experience with an approved 
firm. By w^orking on these lines it is 
jiossible to obtain as much as four 
montlis’ practical experience per an- 
num. After graduating, the embryo 
engineer should take up a pupilage 
covering a period of from two to three 
years’ workshop training. Such a 
candidate is thereby placed in a strong 
])osition and is more likely to succeed 
than any other. If, however, this 
arrangement is not possible, th(‘ 
part-time system is recommended, 
whereby a full apprenticeship is 
served, together wdth at least one full 
day and two evenings per week at 
technical classes. In this instance 
instruction is given to enable the 
candidate to sit, firstly for the ordin- 
ary national engineering certificate, 
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subsequently for the higher national course, and even obtain an honours 
, nginecring certificate, both issued by ilegrce (Fig. 165). 
llie Institution of Mechanical Engin- Considering that the theoretical side 
I ers in conjunction with the Board of of the question has now been ade- 
Kdiieation (as set out in Fig. 162), and quately dealt with, tlie all-important 

Lenjijth of j 

Title of Certificato Course in Subjects of Kxaininat ion 

Years 

T If pi cal Courses 

/Mathematics. 

Applied Mechanics. 

onlinarv National . . .1 /l.C. Engines, or Heat Engines, or Workshop Matt'nals 

and Processes. 

Physics. 

( Properties and Strength of Materials. 

Electrotechnics of the Autoinohiie, or Steam 1'heory 
and Practice. 

Engineering Design and Drawing. 

Fundamentals of Industrial Administration. 

Fio. 11)2. (Tihtjfioates in Mechanical Enuinkekino 
(A warded by the Institution of Mechanical EngintM rs 
in conjunction with the Hoard of Education) 

still later to qualify in either the question of the praetieal trainiiiff 
A.M.l.C.E. or A.M.I.Mech.E. examina- comes to the fore, 
tioii. Figs. 103 and 104 respectively. 

This arrangement normally produces Practical Training 
extremely good candidates, and it is It is a sinv (jua non that the young 
not uncommon for a young man to man must l)(‘ pr(‘pared to work — and 

take the degree course, as an alter- work hard ! He must not expect, 
native to the nationul certificate because his father is Mr. So-and-So, 

Associate Mkmbeu of the Inhtitction of C^ivil Fnoineekh 
S ection ' Subjects of Examination 


I Mechanics. 

A* Strength and Elasticity of Materials. 

Electricity and Magnetism. 

Theory of Machines. 

' Metallurgy. 

B* Theory of Heat Engines. 

Engineering Drawing. 

P I Engineering Drawing. 

j Specifications and Quantities. 

Exemption may be granted to the holders f)f the degree of 13. Se. in Engine*)rmg. 
Pio. 163. Associate Membek.ship Examination. Institution of Civil Engineers 
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Associate Member op the Institution op Mechanical Engineers 


Section Subjects of Examination 

i 

A 

Part I. (a) Applied Mathematics. 

\h) Physics and Chemistry. 

Part II. (a) English Essay and Fundamentals of Industrial Administration. 

or (b) Modern Language (French, Gorman, Italian, Russian, or Spanish). 

B 

(а) Theory of Machines and Machine Design. 

(б) Properties and Strength of Materials. 

(c) Steam and Steam Engines. 

Internal Combustion Engines. 

Hydraulics and Hydraulic Machinery. 

Electro technics and Mechanical Design of Electrical Machinery. 
Metallurgy. 

Aeronautics. 

Workshop Technology. 

^ Any one 
subject. 

C 

Workshop Organization and Management. 


Note. Exemption #nay be granted in all Sections (A, B, and C) to holders of the Ordinary and 
Higher National Certificates, providing they have also qualified in (a) Physics, (6) English 
Essay and Fiindanientals (jf Industrial Administration, (c) Workshop Organization and 
Management. 


Fio, 1(34. Associate Membeuship Examination, Institution of 
Mechanical Engineers 


Stage 


Subjects of Examination 


Matriculation 

(Shown on Matriculation Chart, Fig. 161.) 

Intermediate 

I’ure and Applied Mathematics. 

Heat, Electricity, and Magnetism. 

Chemistry. 

Engineering Drawing. 


/Part I 

(1) Strength and Elasticity of Materials and Theory of Structures. 

(2) Theory of Machines. 

(ti) Applied Heat and Mechanics of Fluids. 

(4) Apj)liod Electricity. 

(6) Mathematics. 

Final i 

\Part 11* 

A ppl ied Th errn ody namics . 

Theory of Machines. 

Strength and Elasticity of Materials. 

Mathematics. 

Mechanics of Fluids. 

Surveying. 

Principles and Design of Electrical Machines. 

Electrical Power. 

Electrical Measurements and Measuring Instruments. 

Telecommunications. 

Theory of Structures. 

* Any four subjects. 


Fig. 165. Engineering Degree Course 
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wlio is familiar to all, that he will 
ultimately be found “a place near the 
sun.” The idea may have held good 
in the past, but it is not so nowadays. 
He must prove himself a worthy 
candidate, and in the face of keen 
competition show by sheer merit that 
he is the only one for a particular job 
wliieh may be vacant. If he does not 
work diligently he is in a precarious 
])osition on the completion of his all- 
round training, which by its very 
nature has not necessarily made him a 
good craftsman. 

A general scheme for what may be 
regarded as an ideal workshop course 
will be outlined. The actual period to 
lie spent in each department will 
depend primarily on the total period 
of shop training to be obtained, and 
secondarily on the availability of the 
various sections. 

In arriving at this workshop course 
it has been assumed that the total 
number of pupils and engineering 
apprentices will be small compared 
with the total number of trade appren- 
tices, otherwise the period on each 
section will need to be arrived at in a 
similar manner to that outlined in 
Chapter XII. As far as possible it 
should be part of the scheme to work in 
the periods of training for pupils and 
engineering apprentices along with 
those of trade apprentices. For this 
purpose it is considered to be im- 
material which grade is doing the work. 

The practice, which is known to 
he operative in some works, of allow- 
ing pupils and higher grades of 
apprentices to be “passengers” during 
their progress through the shops, can 
only be deemed unsound. After all. 


mere observation of workshop pro- 
cesses is not the best way to become 
familiar with them or to appreciate 
the difficulties which inevitably arise 
from time to time. For this reason the 
pupil should be regarded as an integral 
part of the productive group to which 
he is attached, and he should be ex- 
pected to give an output not less than 
that of the average trade apprentice. 

Machine Shop. Machine shop train- 
ing is essential, and for most ])eople 
will form an excellent starting-off 
point. In addition to the marking-out 
tables, a period should be spent on 
general turning, including screw cut- 
ting, as well as otlu'r t_\ pcs of modern 
maehine tools. As every engineer 
knows, a tremendous amount of money 
is spent in producing machined com- 
ponents and one cannot pay too nnich 
attention to the various types of 
machine tools. 

Fitting Shop. There should be an 
equally long period spent in the fitting 
shop as in tlie machine shop, and it 
should include a reasonable proportion 
of time in the tool room. 

Pattern Shop. The young engineer 
might next be introduced to the 
pattern shop. He may not become 
expert in the us(‘ of all the pattern- 
maker’s tools, but after two or three 
months’ cxperienci' he will at least 
appreciate the elements of pattern- 
making, c.g. the preliminary operation 
of setting-out, the allowances to be 
made for contractions and machining, 
the labour-saving expedients used for 
the provision of certain small radii, and 
the general principles underlying the 
correct assembly of patterns and core 
boxes. 
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Foundries, Training in one or other 
of the foundries should follow, prefer- 
ably in the iron foundry. The mixing 
of sand, core-making (both dry and 
loam cores), plate, machine, and floor 
moulding, are all of first importance. 
There are, too, the fettling and sand 
blasting sections of the foundry, each 
with its special problems. 

Erecting Shop, The erecting shop 
always has a strong appeal, and is 
often regarded as the most suitable 
department in which to complete a 
workshop training. It is certainly true 
that, after having served in all other 
departments, one can better appre- 
ciate what is involved in preparing the 
various units for the erecting shop. 

Additional Workshop Training 

It is not suggested for one moment 
that the training wliieh has been out- 
lined is exhaustive. It does, however, 
provide the essential foundations, 
which can be extended if the period 
available is sufficiently long to permit 
of additional training. Sueli addition 
might include a course in the mill- 
wnghts’ shop wluTe all classes of 
machine repairs are carried out, in the 
deetrie shop wlierc the motors are 
repaired, m the materials testing 
department, or on one or more of the 
rapidly expanding welding sections. In 
the manufacture of many products 
there is an increasing demand for 
mechanical-electrical engineers and 
therefore, if six months or so can be 
spent on electrical manufacturing 
work, such experience will undoubt- 
edly prove most advantageous. 

No doubt most young men have 
their own ideas as to what constitutes 


an ideal course, and possibly a modifi 
cation of the training laid down can, 
in certain instances, be carried out 
with advantage. It should be realiz(Hl, 
however, that the principle of an\ 
particular subject can only b( 
mastered by much concentrated study ; 
accordingly too frequent transfers art 
to be avoided. 

'rhe author well remembers seeing 
the pointed reply of an eminent en- 
gineer to a father who had written to 
him saying that his pupil son did not 
consider he was being moved round 
the works quickly enough. The letter 
ran as follows: “I gather from your 
letter that your son thinks that he 
has not been having a sufficiently wide 
experience during the six months lu 
has been with us. It appe^ars to me, 
however, that h(‘ is lik(‘ a good main 
other young men of the present da\ 
and wishes to run before he can walk , 
if he w^as learning to play the piano h(‘ 
would be engaged for a long period of 
his time practising the scales before 
tackling the compositions of Mozart. 
In my view one of the essentials for a 
young engineer is that he should be 
well grounded in the fundamentals of 
his profession, and this means applica- 
tion to what appear to be minor 
operations.” 

Of&ce Training 

In the ease of pupils, it is most 
desirable that, at some convenient 
period of the workshop course, three 
to four months should be devoted to 
training in one or other of the several 
administrative offices connected with 
the works. It is immaterial whether 
it be the estimating office, the central 
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planning office, or the progress office, 
anv one of which will clearly reveal 
that there is “another side to the 
picture.” To the inquiring mind fresh 
a\'enues of thought will be opened, 
and such training will prove beyond 
any shadow of doubt that the admin- 
istrative staff is of first importance, 
anti that, by careful scrutiny of ex- 
isting practices, it is in a position to 
save probably more money than the 
designing staff or the shop foremen. 

Drawing Office Experience 

Drawing office training is most de- 
sirable for the complete mechanical 
engineer, but if the young man who 
IS privileged to enter the drawing office 
for a short course thinks he is going to 
design an aero engine, a machine tool, 
or an overhead travelling crane, or 
for that matter any important part of 
one of them, he will be hopelessly dis- 
illusioned. It never was so and never 
<’an be ! 'At the best, he can only 
aspire to evolving some insigniiieant 
detail. An intimate knowledge of 
design, to which every intelligent 
voung engineer aspires, can only be 
gained in the hard school of experience. 
The best advice that can be given to 
him, therefore, is to discover the 
origin of, and the reasons for, any new 
design, to follow up its development 
to familiarize himself with the make-up 
of each type of arrangement and detail 
drawing, the preparation of the prints 
required and their issue to the appro- 
priate shops, the drawing up of 
specifications and the ordering of 
certain materials, the registering of 
drawings, and the manner in which 
alterations are recorded and the shops 


advised. These arc some of the ways 
in which the young man, who has only 
three months, or at the most six 
months, allotted to him for his course 
in the drawing office, can use that time 
to the best advantage. 

Cln the writer’s opinion the ideal 
place for th(' drawing office course is at 
the end of the practical training, and 
should preferably take place when the 
apprenticeship or pupilage is con- 
cluded, jit is then that the embr\o 
engineer can best appriciate and 
absorb drawing office practices. 

Suggested Training Scheme for Higher 
Grades 

Three distinct grades ar(“ suggested, 
and thesr* will b(‘ considered in ascend- 
ing order of importance — 

1. The Etiginctring Apprentice. The 
applicant should be over IG and under 
18 years of age on admission, and 
should usually ha\e attended a 
secondary school or a public seliool, 
his theoretical qualilieation being 
matriculation, or the school eertili- 
eate with a credit in mathematics. If 
already a trade apprentice, however, 
he may be promoted to the grade of 
engineering apprentice if warranted by 
liis general jirogress in the shops and 
at evening classes, and by his per- 
sonality ah\ays having due regard to 
his age. The workshop course should 
cover most of the principal shops, and 
in addition attendance at day classes 
should be permitted for one full day 
a week. Wages should be paid in 
accordance with the scale laid down 
for trade apprentices. In all cases 
engineering apprentices should com- 
plete their apprenticeship at 21 years 
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of age, future employment being 
dependent on what vacancies may 
occur, and also on the ability of the 
individual concerned. 

2. The Premium Pupil. He should 
be required to pay a premium, he 
should usually be over 21 and under 
24 years of age on admission, and as 
far as possible he should be a univ^(Tsity 
graduate. The pupilage should cover 
a period of two years, nominal wages 
being paid on the aetual time worked. 
It is a quite workable scheme for the 
premium to be paid back in wages 
during the first year of service. As in 
the ease of engin(‘ering apprentices, 
one day per week should be allowed for 
attendance at classes, the courses taken 
being dependent on whether or not the 
j)upil has already obtained a degn^e. 
A study of metallurgy and metrol- 

i'' suggested for those who have 
obtained a degree. The standard 
workshop course should cover ever\ 
important section, and if some 
vocational training has previously 
been obtained the (*ourse should be 
ext(‘nded to the jig and tool drawing 
oftic(‘. 

3. The Engineer Pupil, This is the 
highest of the junior grades recom- 
mended, and as such will be highly 
coveted. The requirements should be 
unmistakably of a high standard. In 
addition to having obtained an 
honours degree, the candidate should 
possess a distinctive personality. The 
age limit should be similar to the 
premium pupil, but the course should 
extend over a period of three years. 
No premium should be required, but a 
wage should be paid similar to that of 
the premium pupil. For the first two 


years the standard workshop course 
should cover the same ground as that 
of a premium pupil, which is regarded 
as the ideal for the period available. 
If previous experience has been 
obtained in certain work, the oppor- 
tunity should be given to widen the 
field of training by allowing the engin- 
eer pupil an equivalent period in the 
engineering research and development 
section, a highly specialist branch of 
work which will probably operate 
under a research manager. During the 
third and last year, training should be 
given in the stores controller’s office, 
the works and costs accountants’ 
offices, and in one of the more im- 
portant works’ offices, in three equal 
proportions. 

It will thus be seen that with this 
grade every facility should be given 
for acquiring knowledge in those all- 
important sections with which tlu 
meehanieal (‘iigineer is inseparabl\ 
associated. Especially noteworthy is 
the period spent in the 
department. It is a suggestion which 
has everything to commend it. The 
introduction of individual costing, 
accelerated by the advent of mechan- 
ized (‘quipment, has greatly developed 
the costs and statistical sections, and 
by actual contact with those per- 
manently engaged therein a valuable 
insight into th(‘ methods used in pro- 
viding important data, financial and 
otherwise, and the ultimate practical 
uses to wdiich such information may 
be put, will be gained. 

The chart shown in Fig. 166 illus- 
trates the suggested training for the 
three grades to which reference has 
been made. The premium pupil should 
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only be allowed the first two years of 
the engineer pupil’s course. 

Transfers should be controlled by 
the sehedule boards whieh were re- 
ferred to in the previous ehapter. 
Similarly, a training eard should be 
used in the shop for rceording progress 
and ability, this information being 
transferred to the reeord maintained 
by the personnel department. 

Personal Requirements 

If the young man has taken full 
advantage of the facilities which have 
been afforded him he shotild be well 
on the way to a successful career. To 
be successful, however, he must have 
self-confidence, energy, and initiative. 


He must be patient and thorough ; he 
must show a distaste for waste and n 
keenness for efficiency; he must b( 
willing to entertain new ideas and 
progressive schemes. He must get « 
true conception of every job which he 
is given, and he must not over- 
estimate his own importance and 
under-estimate that of his rivals. He 
will, of course, have his ideals, and in 
carrying them out he may inevitably 
offend at times but will certaiidj 
please at others. Above all, he should 
deal with any subordinate staff as he 
would have his superiors deal with 
him, and he should at all times be 
guided by the age-old maxim : “ It 
pays to play the game.” 


Experience is not what happens to a man ; it 
is what a man does with what happens to him. 

Ai.DOUS IllTXl.KY. 



CHAPTER XIV 


TIME RECORDING 


Unpunctualiiy 

Although every employer knows how 
easy it is for an employee to lose five 
minutes a day, he does not always 
appreciate the cumulative effect of 
this loss. Five minutes lost per day 
by an employee paid at the rate of 
Is. per hour equals a productive loss 
of Id. per day. If working a 5^-day 
week it equals 5|d. per week, and if 
working 50 weeks per year it equals 
roughly £l 8s. On this basis Table XIV 
shows the cumulative productive loss 
per annum. 

Time Recorders 

The most satisfactory way of record- 
ing the time worked by employees 
IS by means of electrically controlled 
time recorders. There are several 
reliable makes of time recorders on 
the market, but whatever type is 
decided upon as standard it should at 
least conform to the following general 
specification — 


(1) It must be of convenient size 
and robust construction. 

(2) It should be of the type which 
uses independent cards, otherwise if a 
chart is used to cover a number of 
employees the time clerk is unable to 
sec at a glance which employees have' 
arrived late and also whether any have 
failed to report for duty. Further, a 
chart can only be dealt with by one 
wages elt rk at a time. 

(3) It should permit of one-hand 
operation (Fig. 167). 

(4) The clock face shmild be visible 
both to operators registering on the 
recorder and to persons standing at a 
distance. 

(5) The card receiver, registering 
handle, and clock face should b(‘ close 
together, and all in the direct line of 
vision of the person registering. 

(6) The inspection cover should be 
easily detachable to facilitate cleaning, 
ribbon changing, and similar work. 


TABLE XJV 




Cumulative Productive 

Loss Due to Unpunctuality 




Hate per 







Number of Eniployoes 






Hour 


1 



10 



25 1 

1 


50 


100 


d. 

£ 

s. 

d. 

£ 

s. 

d. 


£ ft. d. 


£ « 

d. 

£ 


d. 

1 0 

1 

3 

0 

11 

10 

0 


28 15 0 


57 10 

0 

115 

0 

0 

1 3 

1 

8 

9 

14 

7 

6 


35 18 9 


71 17 

6 

143 

15 

0 

1 6 

1 

14 

6 

17 

f) 

0 


43 2 0 


80 5 

0 

172 

10 

0 

1 9 

2 

0 

3 

20 

2 

6 


50 r> 3 


100 12 

6 

201 

5 

0 

2 0 

2 

6 

0 

23 

0 

0 


57 10 0 


115 0 

0 

230 

0 

0 
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Fia 107. TiMi^. JiiAOKnjsu PLiiMmiNo 
OF One-iian^I) Operation 

(7) The inechaiiisni sliould be 
easily removable 168). 

Not only time reeordcTs, but if 
possible all works’ and olliee eloeks, 
should b(* eleetrically controll(*d and 
should be synchronized with a self- 
regulating master-cloek suitably 
located in the personnel dejiart- 
ment, in order that a elu'ek may be 
made at least once a day with 
Greenwich or other standard time. 

Motorized Time Recorder 

The mor(‘ recently marketed 
motorized recorder will commend 
itself to all concerned with time 
recording. As wdll be seen in the 
illustration (Fig. 169), the grouping 
of all important features is central- 
ized at the top of the machine. 
Colour printing indication and 


column indication are visible to thi* 
employee when making his record, 
and with the “direct read” tina 
indication, time can be quickly read. 
When a card is inserted in the re- 
ceiver a trigger is tripped immcdi 
ately the card reaches the correct 
position, thus the printing hammer 
which is kept “cocked” is released, 
printing the time registration in 
the correct space, the power unit 
then “re-eocking” the hammer. 
The machine is capable of 110 
records per minute, there being no 
levers wdiatever for the employee 
to manipulate. Another decided 
advantage is that the clocking is 
carried out on the front of the card. 
Because of the automatic operation 


Fig. 168. Time Ke(’oudeh Illustrating Ease 
WITH WHICH Mechanism shoxtld be Removed 
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of this machine there are no external 
knobs or levers to operate, and the 
usual recording handle has been elim- 
inated. The electric time control sets 
the mechanism and the operation is 
completed by the power unit. 

Location of Recorders 

The number of employees using a 
time recorder should be limited to 100 ; 


K 



Fi« 169 Motoiu/1 1) Timi. UitcmDUt 
WITH “Diithrr RikAT)” TiMji. Inphaiion 

there should, however, be u recorder 
for each shop, even though the nimiber 
of employees in the shop may be small. 
The ideal position for the location of 
the recorder is inside the shop near to 
the exit. Tf it is a large shop requiring 
several recorders this may not always 
be convenient, but in all cases it is 
particularly desirable that the recorder 
should be placed in such a position as 
will give the maximum circulating 
area; if not, congestion is bound to 
occur. At each side of the time re- 
corder a rack should be fitted capable 
of holding 100 time or clock cards, and 
permitting of each operator’s clock 


number being seen. The suggested 
arrangement is shown in Fig. 170. 
One rack should be elearl\ labelled 
“IN” and the other “OUT.” 

Time Cards 

The time or clock card should give 
a record of all arrixals and departures 
of an employee for an entire week. It 
IS desiral)le that the ordmars time 

•V n'.fk c"* : 

«'* ' «■"» ' 

«nii ’ # V 

Him «■'* 

«»> (T'* Bi* ' c*-* 

n» ’ 

' •» •’» ^ r-* 

•rB crB mr,* 

•I B «n» BTB 

■TB ' B-^B *^B 

<r!B , tr* r’B «:» 

«TB ^ 

«('» ITB 

*r»i BTTB 

CB CTB mtm arm 

•''B VV* VTIB BK* 

<rn» BI!V '' «M 

«^B «iB mm 

mm ' BTB ' mrm 

' VTB _ «i» ' «n» 

m”9 ar*B ' mm 


Im( 170 T\ iM ( VKP Ha( K HigiiKiP 

ON I. \( II SlDI OI Kl ( OIIPI H 

should b(‘ shown m blu(‘ ink, and lat(‘ 
arrnals, earl\ d(‘])artures, and over- 
tim(‘ shown in nd ink. It is recom- 
mended that th( tinu‘ card should be 
])rinted on both sid(‘s. On the one 
side it should be suitably spaced for 
the actual (‘lockings, and on the r(‘verse 
side it should hav( information printed 
which will enable the emiiloyee to see 
in due course the make-up of his 
w^ages. A suitable card will measure 
approximately 7 in. x 3 in. and, when 
completed, will be similar to the 
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example illustrated, Fig. 171. If an Clocldllfir l]T6gflllflriti68 
employee is paid during the current Weekly returns are necessary m 
week for work done during the pre- order to clear up any type of irregu- 
yious week it is suggested that he larity, and these returns should be 




Fi<3 171 Time Recording Card 
(Suitable for either the Premium Bonus or Piecework System) 


should be given his previous week’s entered up twice daily by the clerical 
card, showing his earnings, shortly staff in each shop. The type of form 
before he is due to receive his wages, recommended is illustrated in Fig. 172 . 
and should hand in this card as a As will be seen, the column headed 
receipt. “To be Paid From or To”is required 
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to be filled in by the personnel 
tl( partment. 

Lost Time Books 

Each shop should maintain a lost 
time book, in which the names of 
i\ery employee are entered in alpha- 
betical order. Each day of the week 
should be shown, and if the width of a 
double page is 18 in., one double page 
can cover a period of thirteen weeks, 
tins arrangement being helpful in 
(( imputing time lost in connection 
with any liability under the Work- 
men’s Compensation Act. It is re- 
commended tliat the following code 
l)( used — 


1. Entries in black ink — illness. 

2. Entries in blue ink absence with 
leave. 

3. Entries in red ink — absence with- 
out leave. 

A reproduction of the lost time book 
IS given in Fig. 173. 

Time Recording Instructions 

In connection with time recording 
It is important that standard instruc- 
tions should be drawn up for all con- 
cerned, and the following v^ill form a 
suitable basis for such instructions - 

Time ll( cording Instructions 
Employees 

(1) Wlien an employee comes on 


( 1()( k No 


( lo( k 
( an! 
No 


CLOC^KING IKKKGULARITY RETURN 
Shop Week Kruliiij? 


Name 


I DA^ 


Time ol OiiiLShion 
to Reeoid 


In 


Out 


Time ol 
Late 

Record mg 
Tn, or 
Eaily 
Kef ordmg 
Out 


Mjxotl 

(’lockings 

at 


To ik^ 
Paid 

(►r To 


* This column wdl be entered by the Personnel Department. 


]<1 


Remarks 


Fig 172 Clocking Irregularity Return 



Week Ending \\eek Ending V\tek Ending Week Ending Week Ending I Week Ending 



Eic 173 Lost Timf Boor 
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duty he must take the card bearing 
Ins name and number from the rack 
marked “Out,” and after placing the 
card in the slide provided for the 
clock and recording the time on his 
i‘ard, he must place the card in the 
rack marked “ In.” When an employee 
finishes duty the card must be taken 
from the rack marked “In” and, after 
recording, must be placed in the rack 
marked “Out.” 

(2) No employee is permitted to 
curry a clock card about with him; 
it must always be left in the appro- 
priate rack. 

(3) Unless authorized to do other- 
wise, each employee must record his 
time on his allotted recorder. 

(4) No employee may record any- 
one’s time but his own, and in no 
cireimistancos may clock records be 
altered or erased from the card. 

(5) Employees must record “Out” 
within ton minutes after each stoppage, 
and must not record “In” earlier 
than ten minutes before the appointed 
time for commencing work. 

(6) In consideration of the em- 
ployees having to record their time 
“Out” at every stoppage of work, 
two minutes’ grace will be allowed on 
each occasion of recording “In.” 

(7) The actual clocking off must not 
commence until the recognized official 
hours by clock time. 

(8) Men leaving work for meals at 
other times than those appointed for 
this purpose must record “Out” when 
they leave the works, i.e. an employee 
working through the shop dinner hour 
and going out, say, from 1.80 p.m. to 

2.80 p.m. must clock “Out” at 

1.80 p.m. and “In” at 2.80 p.m. 


Time Recording Instructions for Shop 
Clerks 

(1) At the end of each week, com- 
pleted clock cards must be collected 
and new ones placed in the racks in 
readiness for the next week. 

(2) No alterations or initials are to 
be made on clock cards. 

(3) All omissions to record, lati' or 
early clockings, or other irregularities, 
must be entered on the irregularity 
returns. This should be done each 
morning and afternoon by the time 
clerk visiting the recorder. 

(4) All lost time must be correctly 
recorded each day in the lost time 
book. 

(5) The foreman’s attention must 
be called to all eases of erasure, or 
other tampering with clock cards by 
employees. 

(6) For the purpose of drawing 
wages the clock cards of the preceding 
week, which will show the make-up 
and amount of wages due, must be 
issued to the staff each pay-day to be 
given up again at the pay station in 
exchange for the jiay jiaekets. 

(7) Irregular eloekings will be cor- 
rected and initialed by the personnel 
department, and the irregularity re- 
turns completed by entering the times 
to be paid from, or to, m the case of 
late or early clockings. 

(8) A record of omissions to clock 
will be kept by th(‘ jiersonnel depart- 
ment, and in the event of an employee 
omitting twice within four weeks, 
disciplinary action will be taken. 

Time Recording Instructions for 
Personnel Department 

(1) All cases of omissions to clock 
to be entered on the irregularity 
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returns. Employees omitting twice 
within four weeks to be suitably 
reprimanded. 

(2) In dealing with late clockings 
(assuming that the normal day shift 
is 8 a.m. to 12.80 p.m. and 1.80 p.m. 
to 5.80 p.m. and that two minutes’ 
grace is allowed on each occasion of 
recording in at the official starting 
times) the following ruling will apply - - 


Employeet clocking in 
late between — 

8.8 a.m. and 8.15 a.ni. 
inclusive 

After 8.15 a.m. (if allowed 
to start) 

1.33 p.m. tuid 1.15 p.in. 
inclusive 

After 1.46 p.m. (if allowed 
to start) 


To be paid 
from — 


8.15 a.m. 


Next J lioiir 
1.45 p.m. 
Next hour 


All instances of late clockings to be 
entered on the irregularity return. 

(3) Employees clocking before time. 
At 12.80 p.m. and 5.30 p.m. pay to 
be made to the previous quarter of 
the hour when employees clock out 
two minutes before time, and all these 
cases to be entered on the irregularity 
return. 

Attention to be called to employees 
who persistently clock out one minute 
before time and, when on overtime 
duty, pay to be made to the previous 
quarter of the hour, c.g. employees 
clocking out at 7.29 p.m. when work- 
ing overtime to be paid to 7.15 p.m. 

Employees leaving duty early, with 
permission, must record “Out” at a 
level quarter-hour, e.g. 12 noon or 
5.15 p.m., etc. 

(4) Employees booked on Sunday 
duty but recording in late after 8 a.m. 
Pay to the next quarter of the hour, 
e.g. employees clocking in at 8.1 a.m. 


pay from 8.15 a.m. (no grace 
allowance). 

(5) Erasures. Attention to be called 
to any attempt to erase a clocking. 

(6) Irregular meal hours. Employees 
taking early or late dinner or supper 
hours, for the firm’s convenience, must 
record at a level quarter-hour. 

Advantages of Time Recording 

The advantages to be obtained b}' 
the adoption of the system outlined 
may be briefly stated as follows — 

1. In the Works. By visiting the 
clocks twice daily and entering omis- 
sions, late clockings, and other dis- 
crepancies on the irregularity returns 
the shop clerks will be able to — 

(a) advise the foremen of the 
number of men off duty ; 

(b) prevent employees from dupli- 
eating a clocking, e.g. if the cards 
were not checked daily, an employee 
coming in late at, say, 8.3 a.m. on 
Monday could omit to clock, and on 
Tuesday stamp a double clocking at 
8 a.m., thus claiming one of these 
clockings for Monday on the pretence 
tnat the card on Monday jammed in 
the card chute, in which circumstances 
there may be no proof to the contrary ; 

(c) have the cards ready for release 
by 9 a.m. on Mondays, whereas if all 
the checking were left until the end 
of the working week the cards would 
be considerably delayed, particularly 
before holiday periods. 

2 . In the Personnel Department 

(а) Concentration of check on time 
recording is achieved. 

(б) To ensure a standard and correct 
payment, the times to be paid “to or 
from ” for omissions and late and early 
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rlockings are entered on the irregu- 
larity returns by the personnel depart- 
nunt s^taff, after checking with any 
r(pt)rts of clock defects which arc 
Hceived from the clock mechanic, 
riio settlement of disputes will rest 
wiih the head of the department. 

(c) Employees who persistently re- 


record, and be paid full time, claiming 
that he only omitted to record. 

if) Attention is called to any clock- 
ing defects so that the clock mechanic 
may be instructed to adjust the 
recorder. 

(g) A definite control over all time 
recording is maintained. 


CLOCKING IRREGULARITIES 
YEAR 1940 


\verago 

Weokly 


11 


V\ eok 
rCiiciing 

Omissions 
to Clock 

Late 

Clockings 

Early 

Clockings 

Total 

Remarks 

January 6th 

7 

78 

38 

123 

Biisen delayed due to frosty weather 

1 uiuaiy 13th 

6 

36 

14 

56 

January 20th 

10 

18 

8 

36 


January 27th 

8 

r)9 

16 

83 


1 chruary 3rd 

6 

45 

12 

62 


I < ‘biliary 10th 

12 

138 

89 

239 

Heavy fall of snoM 

1 (J)ruary 1 7th 

6 

37 

22 

65 

H<‘l)ruarv 24th 

14 

124 

65 

203 

Trains late due to foggj wealhei 

Vlarc h 2iid 

5 

41 

23 

69 

Mai<h 9th 

19 

52 

18 

89 


MaiGi 16Ui 

« 

44 

19 

69 


March 23rd 

4 

12 

! 7 

I 23 

Easter Holidays 







60 


28 


99 


Slight improvoinoiil on 
previous yeai 


Kia. 174. HEGisTii.u oi (’loomnct ljiHn(a7i.AKiTins 


eord late are reported to their 
loreman. 

(d) Only the initials of authorized 
''taff in the personnel department are 
accepted on clock cards, false entries 
thus being prevented. 

(e) Omissions are recorded, and 
disciplinary action regulated. If a 
penalty were not imposed an employee 
coming in late could decide not to 


(h) A register can be kept showing 
the total number of irregularities each 
week and the average* for the year 
(Fig. 174). 

3. In the Wages Office, Cards will 
be available early on Monday and 
there will be no question of the wages 
office staff having to refer cases to the 
personnel department for settlement, 
because all the necessary checking has 
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been done by the latter, who are 
responsible for the supervision of time 
recording. The fact that employees 
will be aware that late eloekings are 
recorded on the irregularity returns 
will have a retarding effect on late 
clockings generally. 

Time Signals 

Machines are available which will 
control any equipment which can be 



Kkj. 17 r>. PoinAin.i Timi DhiMroit 

operated by an (‘l(‘ctrie relay and 
which has to b(' switched on or off to 
a prearranged time seh(‘dule. These 
machines are so arrang('d that selection 
can be made of any minute through- 
out the w(‘ek. Such machines are not 
restricted to one function, as different 
piee(*s of apparatus can b(‘ eonneeted 
to the one cabinet, each having a 
different tinu* seh(*dule from the other. 
They are particularly suitable for 
sounding bells, works’ hooters, and 
similar signals, and also for governing 
light switches. 

Fireman’s Portable Time Detector 

For firemen and watchmen who are 
covering a definite patrol it is essential 


that they should carry with them a 
time detector (Fig. 175), thus ensuriiiir 
that they are makm^r 
their patrol in a 
thoroughly satisfactory 
manner. At the various 
points to which it is 
desired visits should lx 
made during day oi 
night, special numbered 
keys are fixed on chains 
The fireman carries tiu 
detector in a stout 
leather pouch with 
shoulder strap. On 
reaching each point Ik 
inserts and turns tIu 
key in the detector, each 
key being of a different 
pattern. This operation 
prints the number of 
the station and the time 
at which the key was 
turned in plain figures 
on a continuous roll of 
paper (Fig. 176) inside 
the detector. In this 
way a complete record 
of the patrol of the 
tireman is secured in a 
convenient and legible 
I form. 

2 ^*91 

I Maintenance of Time Be> 
Fio ]7(i cording Equipment 

KAtSlMlLr. Ol 1 /. 11 • 

PoRTABLi. Timk A rccord of all time 

DETifiCTORHF- recorders and similar 
CORDING Paper . . . 

equipment, giving dis- 
tinctive number, date purchased, 
make, type, cost, where located, and 
any other relevant particulars, will 
prove helpful. 

Many large firms will find it the more 
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convenient arrangement to employ 
their own full-time clock mechanic. 
Others may prefer to place a contract 


with the manufacturer for the periodi- 
cal inspection and maintenance of 
clocks and time recorder's. 


Time flies, but method catches it. 

Goethe. 



CHAPTER XV 


WOHKSHOP EXPENSES 


Meaning of Term 

The term “workshop expenses” may 
need some explanation. It includes all 
shop charges which are incurred in the 
provision of services, labour, material, 
and equipment necessary to operate a 
factory, and which are not chargeable 
directly to a manufacturing account. 
Workshop (‘xpenses are frequently 
referred to as production oncosts or 
overhead expenses. 

Th(‘ control of the multifarious 
activities which fall under the broad 
heading of workshop (‘xpensc^s is a 
task which requirc's the utmost vigi- 
lance on th(* [)art of (‘very member of 
the managerial and supervisory staff. 
Adequate attention to this section of 
factory expenditure is the essence of 
good management. The acid test as 
to wliether any factory (‘xpense is 
justified is to ask tlie simple (juestion, 
before the money has been spent, 
“Would you consider it to lx* good 
value for your money if you had to 
pay for it out of your own pocket?” 
It is suggested that if this question 
was invariably put to the individual 
authorizing the expenditure, tlure 
would often be a substantial saving. 

Coding of Workshop Expenses 

The best plan is to give each section 
of workshop expenses a distinctive 
number or code number called a fac- 
tory order number, which may be 
identified by the abbreviation W.E. 


or F.O. For example, W.E.5 inserted 
on a stores requisition for material, or 
on a wages document, will imply that 
the expenditure is chargeable to work- 
shop expenses on Factory Order No. 5. 
The identification can be made still 
more complete by quoting the office 
or shop concerned, e.g. W.E.5/12 will 
mean that the particular charge is 
debitable to Shop No. 12, or, if desired, 
the shop number and the factory order 
number can be transposed, e.g. 
W.E.12/5. 

Sometimes subdivisions of a factory 
order are desirable. A good example 
to consider is that of the inter-shop 
transport where it is advisable to 
ascertain the particular sources of 
expense. Five sections suggest them- 
selves as follows — 

Hefervnvv Section 

IMter 

A Maintenance (Mechanical and 

Electrical) 

11 Oil and Grease 

( ’ Petrol (or Batteries) 

D Trailers 

E Tyres 

Assuniing the factory order for the 
trucks and tractors to be W.E.36, then 
W.E.36/C/6 would refer to a supply of 
petrol chargeable to motor No. 6. 
The actual quantity would be men- 
tioned in the appropriate column. If, 
as is recommended in Chapter XVII, 
the shop transport is under centralized 
control, the cost will be a general 
charge on the works. 
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Variable and Non-variable Expenses 

Workshop expenses are of two kinds, 
\ariable and non-variable. From the 
list overleaf (Table XV) which is 
representative of the average engineer- 
ing factory, it will be seen under which 
licadings various items of expenditure 
may be classified. It will be appre- 
ciated that there is a point beyond 
which a subdivision cannot be con- 
\ eniently taken. 

As will be realized, certain of these 
(\})enses are applicable to the wwks 
*is a w^hole. In these cases the outlay 
IS regarded as a general expense, and 
the total amount involved is charged 
to the different shops in proportion to 
tlu* direct wages of each shop, unless 
sp(‘eifieally desired otherwise. 

From the point of view of depart- 
mental responsibility of the varkms 
works assistants, it is sometimes pre- 
Arred to group the various workshop 
( xpeiises according to the services 
eont rolled, such as the building, power, 
tool, and stores scTvieis, or shop ad- 
ministration seiwice. In Table XV 
foremen, assistant foremen, examiners, 
finished work inspectors, rate-fixers, 
shop clerks, and all stationery in- 
cidental thereto come within the latter 
category, tlie classification of all these 
Ixing non-variable. 

In certain special circumstances, as 
for instance when a portion of a fac- 
tory is being closed down, items shown 
as variable may become non- variable 
and vice versa. The division of work- 
shop expenses under these two head- 
ings then becomes all-important be- 
t ause anticipated savings are involved, 
but in other circumstances this division 
is comparatively unimportant. 


Correct Allocation of Charges 

It is strongly recommended that 
work which is quite dissimilar in 
character, even though it may be 
carried out in the same department or 
under the same roof, should have 
separate w^orkshop expenses accounts 
in view of the wide difference in per- 
centage applicable, e.g. in the case of 
a foundry there should be four sec- 
tions, under the headings of (1) core- 
making, (2) melting and casting, (8) 
moulding, and (4; fettling. This can 
be achieved without much difficulty. 

In those instances where equipment 
or indirect labour is required for a dual 
purpose a predetermined percentage 
figure, open for revision at any time, 
should be supplied to the costs account- 
ant for a fair allocation of any charges. 
For exampl(% assume that the rate- 
fixing required for a shop involves one 
rate-fixer. Tluai if it is considered 
that on an average h(‘ spends two- 
thirds of his time m eonneetion with 
what we will (l(‘serib(^ as Section A of 
the shop, and tlie remaining third in 
eonneetion with Section B, then 67 
p(T cent of the rate-fixing cost would 
recjuire to hv de})it(‘d to Section A and 
the remaining 88 per cent to Section U. 

L(‘t us take an actual (*asc which 
has occurred in ])ractiee. Experiment 
revealed that three oil-fired furnaces 
(A), (B), and (C), used jointly for 
normalizmg and ease-hardening, burnt 
two gallons of oil per hour at a tem- 
perature of 850 'F., and one oil-fired 
furnace (D), used for annealing copper 
pipes, burnt 1| gallons of oil per hour 
at a temperature of 700° C. Furnaces 
(A), (B), and (C) were in use for 16 
hours a day, 5 days per week, and 
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Factory 
Order No, 


W.E.l 

W.E.2 

W,E.3 

W.E.4 

W.E.6 

W.E.6 

W.E.7 

W.E.8 

W.E.9 

W.E.IO 

W.E.l 1 

W.E.12 

W.E.13 

W.E.14 

W.E.15 

W.E.IO 

W.E.17 

W.E.l 8 

W.E.IO 

W.E.20 

W,E.21 

W.E.22 

W.E.23 

W.E.24 

W.E.25 

W.E.26 

W.E.27 

W.E.28 

W.E.29 

W.E.30 

W.E.31 

W.E.32 

W.E.33 

W. 10.34 

W.E.35 

W.E.30 

W.E.37 

W.E.38 

W.K.39 

W.E.40 

W.E.41 

W.E.42 

W.E.43 

W.E.44 

W.E.45 

W.E.40 

W.E.47 

W.E.48 

W,E.49 

W.E.50 


TABLE XV 

Glassipicatiok of Wokkshop Expanses 


Item of Expenditure 


Class of 
Expense 


Accessories and Tools 
Accidents 

Acetylene Generating Plant 
Air Compressors 
Ambulance Materials 
Attendants 

Boilers and Stationary Engines 
Cleaning and Lubricating Oil, and Labour 
Clothing and Unifonn 

Coal, Coal Dust, Coke, Sand, Litnostono, etc. 

Cranes 

Cupolas, Crucibles, and Furnaces 
Cutting Compounds and Small Stores Items 
Defective Work 

Detachable Fittings — Gas, Water, and Electric 
Dining and Mess Kooms 

Electric Motors, including Switches and Wiring 

Electric Trucks 

Electricity, including Lamps 

Examiners, Finished Work Inspectors, and Rate-fixers 

Experimental Work 

Foremen and Assistant Foremen 

Fuel Oil 

Gas for Acetylene Welding Plant 

Gas, including Mantles and Fittings 

Oatemen and Watchmen 

Hand Carts and Wheelbarrows 

Hand Tools and Brushes 

Heating ami Ventilating Apparatus 

Hydraulic Accumulators, Presses, and Pumps 

Jigs, Fixtures, and Templets 

Machine Repairs, Fixed and Portable 

Mains 

Materials for Test Purposes 

Pattern -making, where not charged to Manufacturing Account 

Petrol Trucks, Tractors, an<l Road Motors 

Piping, and Tanks for Fuel Oil 

Provision for Plant and Machinery 

Pulleys, Shafting, and Bearings 

Shop Clerks 

Shop Equipment, including Benches. Cupboards, Racks, etc. 
Shop Office Equipment and Fittings 
Shop Storosmen 
Shop Transport 

Stationary Enginemen and Furna<*emen 
Steam and Pncminatic Hammers 
Time Recording Clocks and Apparatus 
Water, including Pressure Water 
Yard Labourers 

Yard Shunting, including Working Costs 


Variable 

Non-variable 

Variable 

Variable 

Non-variable 

Non-variable 

Variable 

Variable 

Non-variable 

Variable 

Variable 

Variable 

Variable 

Variable 

Non -van able 

Non -variable 

Variable 

Variable 

Variable 

Non-variable 

Non-variable 

Non -variable 

VariabU' 

Variable 

Non -van able 

Non-variable 

Variable 

Variable 

Non-variable 

Variable 

Variable 

Variable 

Variable 

Non- variable 

Non-variable 

Variable 

Non-variable 

Variable 

Variable 

Non-variable 

Non-variable 

Non-variable 

Non-variable 

Non -variable 

Non-variable 

Variable 

Non -variable 

Variable 

Non -variable 

Non-variable 
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therefore had a weekly consuniption 
of 480 gallons of fuel oil. These fiir- 
naees were, however, used for normal- 
izing forgings for two-sevenths of their 
time, and consumed for this purpose 
approximately 140 gallons of oil per 
week. The annealing furnace' (D) was 
in use for 8 hours a day, 3 days per 
week, and therefore had a weekly 
eonsumption of 00 gallons of fuel oil. 

Accordingly, the allocation of fuel 
oil charges should be — 

Normalizing a(‘count 

— IS (A), (B), and (C) = j X 480 gal. 

187 gal. — say. 
25 per cont . 

( 'aso-hardening account 

7 (A), (B), and (C) J * IcSO gal. 

848 gal. say, 
05 per cont. 

Annealing account 

~ (13) (50 gal. — say, 10 per c(‘nt. 

In the same shoj) a stationary 
boiler. Registered No. 0, was used 
jointly for steam heating the shop as 
well as for atomizing 1hi‘ fuel oil sup- 
j)lied to the four furnaces (A), (B), 
(C), and (1)). It was estimated tluit 
80 per cent of the steam was suj)])lied 
to the shop, and the remaijiing 20 per 
cent to tl)e furnaces, this latt(‘r amount 
to be divided according to tlie fuel oil 
consumption as given. 

In the case therefore of the boi](T, 
the ‘Tnjvision for Plant and Machin- 
ery” and the “Repairs to the Jk)iter” 
were each divided as follows 

SIk^p . . S0"o 

Normalizing . 5% (i.c. 25% of 20“„) 

C’asc-liardoning . 13 (i*c. 05% of 20'\J 

Annealing . 2"o (i-o. 10% of 20‘’„) 

100 

A statement should be drawn u}) 
quoting all such items and a copy of 

17 Ui -jsO 


this statement should be supplied to 
the costs accountant to enable him to 
apportion the charge's correctly. It 
is, of course, desirable that such in- 
formation should be kept up to dat(', 
as changes wdll inevitably occur from 
time to time. 

Method of Expressing Workshop 
Expenses 

It is (‘ustomary to express the total 
workslK)p (‘xpenses of a shop as a per- 
cent ag(‘ of th(' productive or direct 
wnges figure pauible in that sliop. In 
short, if the direct wages of a certain 
shop amount to 4^1000 over a period of 
four weeks, and during that same 
period flu- wHwkshoj) c'xpc'iises, both 
variabh* and non-variable, amount 1o 
£750, tlu'ii it is said that the work^h()p 
expenses of tin* shop are 75 per ec'iit. 
This Oglin' might be made up, say, of 
80 j)(‘r cent variable and 45 p(‘r cent 
non-variable expenst s. Unless there is 
a special reason for doing otlarwise, 
w^orkshop expense's should normally be 
based on the hgures obtained during 
the past 12 months (i.e. the most 
recent 13 four- weekly periods). This 
avoids sudden change's. 

Th(*r(‘ an' some administrators who 
advocate that workshop expc'iises be 
applied strictly on a time basis, that 
is to say, according to the actual 
length of tinu' each productive' opera- 
tion lias taken. Whilst it may appear 
to be the* more logical nu'tliod, it has 
its drawbacks and is certainly not 
recomme nded by the autheir in view of 
the e'xtra clerie*al labour involved. 
Particularly does this observation 
apply where a picee'work system is in 
operatiein. 
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As one might reasonably expect, 
the amount of workshop expenses 
varies. Much depends on the class of 
work. Where the equipment used is 
expensive and the direct wages are 
comparatively small, they will appear 
to be very excessive and probably as 
much as 250 per cent. It does not 


specially made in order that a con- 
tract may be undertaken. In these 
cases it is recommended that the entire 
cost should be debited to the outside 
order, in which event there will be no 
actual charge on workshop expenses 
for the items concerned. Where there 
is a possibility of further orders of an 


WAGES AND WORKSHOP EXPENSES RETURN FOR 
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A88eml)l> 

Machine 
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Wages Staff 
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Lodging 
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On 

Hooks 
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Ihiv 

Shifts 

Addi d foi 
Night 
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lotal 

of 

(( +I)+E) 
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Appro- 

priated 

Own 

Shop 

Expenses 
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Travelling 
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per Pa> 
Bill of 

(A) 
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{(1 
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(E) 

(K) 
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(H) 
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£ 

£ 

160 
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1,201 1 

I 212 

31.743 
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207 

IS 

2,225 

534 

5IH 

H7,050 

13 

4,404 

02,307 

5,480 

1,265 


6,745 

604 

674 

118,280 

1,244 

4.616 

1 124,140 

7,480 

1,472 

18 

8,070 


hi(. 177 Foi H v\rnKLY Waois 
(C’overmp all Sh<»ps and 


follow that tlie shop is \>()rking un- 
econoinically, especially if the piece- 
work prices paid per article are k<'en. 
Nor does it necessarily follow, because 
in one shop a certain item of workshop 
expense is found to work out at 6d. 
per man per week and in another shop 
at only 2d. per man per week, that the 
former is uneconomical. The class of 
work carried out largely enters into 
such a comparison. 

Direct Charges 

There are, of course, many occasions 
when comparatively expensive tools 
or other equipment are required to be 


identical character being receiv(*d, 
some discretion will need to be exer- 
cised as to whether or not only a 
portion of the new equipment required 
shall be debited to the initial manu- 
facturing order. Each of these special 
cases will require to be considered on 
its merits, such items as jigs, tem- 
plets, gauges, flanging blocks, dies 
and die blocks, patterns, and special 
tools all being involved. Whatever 
decision is given, it should be made 
effective by the central planning office 
referred to in Chapter XXII, from 
which the documents will be issued 
with the charges correctly apportioned. 
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So far as machine tools and other 
fixed equipment are concerned, the 
amount to be debited to workshop 
expenses each four-weekly period will 
be based on the capital value of each 
individual item. For this purpose the 
record card shown in Fig. 88 (Chapter 
VII) should be used. 


a four-weekly foundry cost account, 
Fig. 179. 

Those items which represent the 
major portion of the workshop ex- 
penses for a particular shop should be 
plotted separately for every period in 
terms of pence per man, thus enabling 
the position to be closely watched. If 


l-miK WEEKS ENDING 28th JANUARY. 1940 
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\M> Workshop Expenses Return 
ing W orks aggregate) 


Statistics 

A wages and workshop expcns(‘s 
return to cover all shops should be 
drawn up by the costs accountant 
every four-weekly period on the lines 
indicated in Fig. 177. It is self- 
explanatory, and should be carefully 
studied as it will have tremendous 
practical value. 

Another return called the “wages 
and workshop expenses individual 
shop return,” whicli is illustrated in 
Fig. 178, should also be prepared 
and sent to each foreman concerned. 
In the case of the foundry this 
return should be supplemented by 


these graj)hs are prepared on squared 
paper of foolscap or other convenient 
size, they can lx* placed in separate 
folders for each shop and sent to the 
head of the particular department 
con(*(‘rned, together with his copy of 
the workshop ( xpenses and individual 
shop return, asking for his comments 
on any item specially marked due to 
a noticeable increase. The type of 
graph suggested is illustrated in Fig. 
180, and, where the user warrants it, 
the graph paper should be specially 
printed to avoid any unnecessary lines. 
It will be observed that the suggested 
graph covers a period of two years. 
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AERO Department 

WAGES AND WORKSHOP EXPENSES RETURN 


Four We€»ks to 2Hth January 
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Fia 178 Wages and Workshop Expenses Individual Shop Return 
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In addition, it will often prove to 
he time well spent to prepare a six- 
monthly statement from the four- 
weekly returns previously referred to, 
showing those items which are com- 
mon to most shops and which have a 


attachments for machines, ete., in use. 
Eight main classifications are recom- 
mended, and under each classification 
the items should be arranged in 
alphabetical order and each shop 
recorded separately. 


FOUNDRY COST ACCOUNT 
Four Weeks ending 28th January, 1940 
Rfftciency Factors 
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Materials Used 


Per Urn of 
Input 


P(U* toil of 
Net Output 


Molting and Casting- 
Fuel Oil 
Coke 

Moulding — 

Sand 

Core-making — 

Sand 


27 gal. 

78 lb. 

349 lb. 
299 lb. 


Fig. 179. Four-weekly Foundry Cost Account 


high user. Such a statement is sliown 
in Fig. 181. 

Inventory of Plant 

The intelligent control of workshop 
expenses provides many opportunities 
for keeping invaluable records con- 
cerning the plant. 

As a case in point, a check will need 
to be taken from time to time, for 
stocktaking and other purposes, of all 
small tools, gauges, accessories, and 


It is recommended tliat these be 
compiled as shown in Fig. 183. The 
prices shown will be consistent with 
current trade prices. A summary 
sheet. Fig. 182, will give the total value 
of unregistered equipment for the 
works. In Fig. 182 the vertical totals 
will give the monetary value of in- 
dividual sections, and the horizontal 
totals the monetary value of all the 
sections in each shop, thus providing 
a most infornmtive statement. 
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Fig. 182 . V^ltte of Unregistered EgtriFMENT 
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Sapermtendence 

There are many engineers who con- 
fuse workshop expenses with super- 
intendence. Actually these terms have 
distinetly different meanings. They 
are only similar inasmuch as the ex- 
penditure under eaeh is expressed as 


whole of the direct wages for the 
factory. In round figures this should 
not exceed 10 per cent. The cost of 
the entire administration will be 
chargeable to superintendence and will 
include such departments as those of 
the works manager (embracing, for 


SMALL TOOLS INVENTORY J’ORM 
(Yass 1. Acclssohies and Attachments ior Machines 

MACHINE SHOP 


Dost nptiuii oi 
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a percentage of tlie dir(‘et wag(*s, Init 
even in this respect tliere is a diflcrenee. 
It has been shown that >\ith workshop 
expenses the percentage' applied \ aries 
in eaeh shop — sometimes on different 
sections of work witliin the shop- 
hut with superintendence, which has 
no particular association with any 
dejiartment or shop, and is a general 
eliarge throughout tlie factory, onl> 
one percentage is apjilieahle. This is 
calculated by expressing tlie actual 
expenditure incurred under super- 
intendence as a percentage of the 


instance, the planning, estimating, 
and progressing sections), design, per- 
sonnel, stores, accountants, research, 
advertising, and sales. 

In some instances “Superinten- 
dence ” is confined to those sections of 
ofiiee personnel coming under the 
jurisdiction of the works manager. 
Where this is done the expenses of 
the other administrative sections of 
the conl'crn need to be put under 
a separate heading of “General 
Charges.” It will be appreciated that 
the net result is the same. 



CHAPTER XVI 

ELIMINATION OF WASTE 


Classification of Waste 

Waste in industry may take many 
forms, both tangible and intangible, 
and may be considered to come 
within four groups — 

(1) Low production, 

(2) Intermittent production. 

(8) Restricted production. 

(4) Lost production. 

In (Jroup 1 there are six principal 
causes of waste, as follows 

(a) Faulty material control — due to 
inefficient speculative ])urehase and 
lack of organized central planning. 

{b) Faulty design control — due to 
absence of standardization, involving 
new tool layouts, and changing of 
design after the issue of the initial 
drawings. 

(c) Faulty i)roduetion control- due 
to lack of schedules and efficient 
progressing. 

{d) Lack of cost control — account- 
ancy n^quires investigation in order 
to provide reliable data, and to 
avoid any repetition of a pr(‘vious 
mistake. 

(r) Faulty control of personnel — 
results in inellicient workmanship, 
sometimes in unnecessary accuracy, 
and it sometimes takes the form of 
employing staff on unrennmerativc 
work. Furthermore, it is not uncom- 
mon for no one to hav(‘ time to teach 
the less experienced personnel in 
accordance with any preconceived 
plan, each individual being expected 


to learn by observation rather than by 
specific instruction. This absence of 
organized instruction commonly less- 
ens the eliance of right selection of 
personnel for particular jobs and for 
new responsibilities and its effects 
may therefore be far-reaching. 

{/) Faulty sal(*s policit‘s due to 
cancellations, poor credits, and dis- 
regard of seasonal fluctuations. 

In (iroup 2 there an^ two causes, as 
follows 

(r/) Idle matt rial -excessive buying 
resulting in obs(>l(‘sc(*nee and d(‘prceia- 
tion. 

(h) Idle plant and equipment -un- 
balanced production, due to there 
being no delinite programme which 
co-ordinates mat (‘rials, machines, and 
equipment. 

In (irouj) 8 there an* also two 
causes— 

{a) Manag(*ment restricting factory 
output with the obj(‘ct of maintaining 
higli pric(‘s. 

(/>) Restriction of indi\ idmil output 
by employees, due to unemjdoyment, 
to the inherent fear of piecework 
prices being reduced if high bonuses 
are earn(‘d, or to a d(‘sire to make 
room for more workers. 

In (iroup 4 the principal causes are 
absences du(‘ to — 

(a) 111 health. 

(h) Defective vision. 

(c) Industrial accidents and 
diseases. 


237 
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Independent Investigations 

There may come a time when it is 
advisable, with a view to the elimina- 
tion of wasted time and materials, to 
carry out a close investigation into 
existing practices. It is an important 
duty which obviously requires the 
utmost tact if it is to be carried out 
efficiently, and the individual or indi- 
viduals appointed should be intimately 
familiar with the organization but 
preferably should be independent of 
the department or departments in- 
vestigated. The id(‘a imderl>ing such 
an investigation would Ik* to increase 
the efficiency of the factory and also 
to assist each departmental head in 
his administrative duties. In some 
respects it is motion and time study 
(see Chapter XVIII) applied to the 
organization itself, rather than to the 
individual. 

Ea(*h office and shop would require 
to be dealt with ind(*})endently, and 
all eoncerned should Ik* asked to give 
every assistance to the investigators. 
It should be und(‘rstood that no 
recommendations or results of the 
inquiries should be intimated to the 
foremen and others by the investi- 
gators themselves. 

Outline of Investigations 

Whilst the following suggestions are 
not exhaustive, they will at least form 
a basis for an investigation on the 
lines indicated. 

1, Office Organizaiion 

(a) To ascertain whether any records 
arc maintained or whether work is 
carried out unnecessarily. 

(b) To ascertain whether any new 
records could with advantage be put 


into operation, and if so to state exact 
requirements. 

(c) To arrange for approved records 
common to all shops to be compiled 
on identical lines, 

(d) To decide on a standard method 
of filing correspondence. 

(e) To ascertain whether the number 
of outgoing tel(*grams and telephone* 
calls is excessive, due to lack of 
systematic attention. 

2. Foremen and Assistant Foremen, 
Rate-fixers, Finished Work Inspec- 
tors, and Chargemen, To ascertain 
duties and capabilities, also whether 
methods adopted are reasonably stan- 
dard as well as the best possible. 
To state, further, whether it is 
considered any advantages would 
accrue by an internal changeover, 
i.e. a transfer from one section to 
another. 

8. Staff, I'o consider to what degree 
and by whom the immediate control 
of the staff is exercised. 

4. Work Groups, To consider the 
desirability of reorganizing any par- 
ticular section or sections in respect of 
tne class of work carried out. 

5. New De^signs or Alterations to 
ExiUing Designs, To fix method of 
dealing with shop drawings, and of 
putting authorized alterations into 
immediate operation. 

6. Printed Forms and Returns. To 
review type, method of dealing with, 
and necessity for these forms. 

7. Internal Delays. To consider 
organization for overcoming section to 
section delays. To investigate amount 
of illness, lost time, and machinery 
breakdowns. 

8. External Delays. To fix methods 
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adopted for overcoming recurrent shop 
to shop delays. 

9. Experimental Work. To fix the 
method to be adopted for expediting 
and for recording completion. 

10. System or Systems in Operation 
for Progressing Work. To make recom- 
mendations for improvements. 

11. Shop Scheduling. To consider 
the possibilities of instituting a 
schedule system for individual sec- 
tions, by the introduction of suitable 
progress and schedule boards or charts 
in each shop. 

12. Shop Transport. To consider 
existing arrangements for loading and 
unloading. 

13. Stores Department. To consider 
arrangements for obtaining material 
from the stores. 

14. Recovery of Material. To ascer- 
tain whether the best use is made of 
what is regarded as scrap material. 

15. Non-productive Staff. To ensure 
that the iion-pr(;duetive staff is elfi- 
ciently controlled, and to fix a maxi- 
mum number of man hours for each 
grade. 

16. Defective Work. To consider 
percentage losses, in both material and 
wages, duo to defective* work, and to 
take steps to improve the position. 

Specific Analysis 

To show the method which should 
be followed in carrying out the fore- 
going investigation it will be as well 
to consider in some detail the lines on 
which some of the inquiries should be 
followed. 

Office Organization, Section 1 (a). 
The investigator should commence by 
tabulating every individual duty and 


separate function carried out in the 
particular office under investigation, 
and should ascertain from each mem- 
ber of the office the approximate time 
spent in hours over a four-weekly 
period on each duty performed. 
Having done this, the investigator 
should proceed to total the time spent 
in the office on each specific function, 
and to satisfy himself that it has a defi- 
nite practical value. If it has, he 
should ensure that the time taken is 
not over-estimated and should decide 
on a reasonable basis for documenta- 
tion per hour. The final statement 
prepared should be as shown in Fig. 
18k 

Foremen and Assista^if Foremen, etc.. 
Section 2. Forms drawn up on the 
lines of Fig. 185 and Fig. 186 will give 
a true index of the tina* spent on eaeli 
job, as well as re\(*ahng any duties 
performed which are extraneous to 
the particular function of the indi- 
vidual. It is r(‘eonimend(‘(l that forms 
of this character should lx* lillcd in 
by the individual himself and should 
run for one month or even two 
months before being submitted to 
the investigator. 

Printed Forms and R( turns, Section 
6. In order to ensure that cv(*ry form 
and return which is in use is justified, 
and, if so, to ascertain whether the 
most economical method is adopted 
for its reproduction, e.g. printed or 
duplieat(*(l copies, having regard to its 
user, it is recommended that an 
authorization form, Fig. 187, be com- 
pleted in every case, this information 
deciding the method to be followed 
for obtaining future supplies, 

Alt technical and clerical staff 
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Fig. 184. Analysis of Duties (Office Organization) 

N.B. This example shoA^s a net saving of one clerk, with a margin of 16 hours per 4-w'eekly period for contingencies 


ANALYSIS OF DUTIES OF RATE FIXER 



A ote Total possible 'w orking hours must be accounted lor daih , by sho'wmg number of hours ab«jent Uue to sickness, special leave, etc. 

Fig 1*<5. Work Performed b\ Rate fixers 



ANALYSIS OF DUTIES OF FINISHED WORK INSPECTOR 
Name Shop Week Ending 



Note Total possible working hours must be accounted for daily, b\ showing number of hours absent due to sickness, special leave, etc. 

Fig 186 Work Performed by Finished Work Inspectors 
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APPLICATION FOR NEW FORM 

Date 

1. Annual Issues of Forms replaced by I*ropt>sed Form 

2. Annual Issues of Existing Form proposed for Revision 

3. Stock 

4 Initial Cost of New or Revised Form 

5 Subsequent Cost of New oi Revised Form 
Estimated Annual Issues oi Proposed Form 

7 Last Revision of Proposed Form w«i8 dated and aj)pr()\»‘tl 

H. Specify why Proposed Form is necessary 

What will be accomplished bv Proposed Foini that is not now a< ( oini)lish(‘d b> some 
Existing Form or Foims? 

10. Has adequate analysis been made to ensuie tliat Die design oi Piopos(‘d lAnin leflects 

the underlying actual intention and will thereloi(‘ attain its objeit, without n(*ed oi 
future revision and t‘Xpen8e incident theieto? 

1 1. Will use of Proposed Form (‘ntail d€‘(.ieased woik , iim k asi d woik r* 

12 What other advantage's arise iiom iist^ of Propostsl h'oini.'' 

Id Is Proposed Form temporary oi ]»ermaneiit ? li tempoiai\ gi\(* piobabh maxiimun 
duration of its use 

14 Give numbeis and attach siinydes of Existing Foiin (H l\nins, li im\, iepla((‘d by 
Projiosed Form 

15. Is Propos(‘d Form a consolidation of one or two oi moie Existing J^'oims:' («i\e numbeis 
and attach samples 

in WJiy cannot iiurpose of Pio^iosed Foim be seiMd b> use (H ( onsolidut ion oi any om 
Of more Existing Foims? 

17 liJxplain specifically the investigation made to dctcimme that no (dial J^xistmg Form 
can serve the piupose oi Pioposc^ci J<\)iin 

IH Is size of Proposed Foim, as gi\en, smallest usable* si/c* 

Hi. How was size dt*termin(*d ? 

20. What will be the Annual Issue oi the I’lceposc^d hoim.'' (li Pio])os(d Foim is to be usc*d 

at more than one point attach a statc*nic*nt showing jiaitic iilais oi using points and 
Annual Issuers to said iiomts) 

21. Is Proposed Foim to be prmte^d, g«triimelei< d oi mult igiaph(*d ** 

22. Will the majority of i*roposed Foims be made out in pen oi jiencil oi typer* 

23. How frequently will Proposed Foim be made out, i c I)ail>, Weekly, etc ? 

FKJ 1K7 Al THOR17A1ION FoHM 
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should have their attention specially (4) The fullest use should be made 
drawn to the following economies — of each form. 

(1) The reverse side of scrap paper (5) All forms should be ordered by a 
or obsolete forms (which should be clerk who fully understands the re- 
collected and distributed by the quirernents, and should be issued b\ 



IMPORTANT 

STOP ALL AIK LEAKS 

LOOK WHAT IT MEANS IN MONEY 


Leak Hole | 

No. of (yub. Ft. of All 

Equivalent Wasted 

Equivalent Cost 

Diani. I 

Actual Size 

Wasted per Minute 

Horse-power 

per Year* 

2 111. 

• 

f)4()0 

1024 

£8192 

1 in 

• 

IGOO 

2r>6 

£2048 

} in. 

• 

900 

144 

£1152 

1 in 

• 

400 

64 

£512 

ill! 

• 

100 

16 

£128 

i in. 

• 

25 

4 

£32 

A ni 

• 

0 

1 

£8 


* On tlio basiH nt I lie ioak 1akin>r pIa(o tnr 100 hours y)or A^eok, oO weeks per >oar, and 
UHing a figure c»f 0 ,'>d yior unit as Uie <OHt of eltMtiic ity foi j)urpose8 

Kj(.. 1H8 (\»ST OF Ant Lkakaou Notice 


stationery stores) should be used for 
carbon copies, menioranda, or for 
making calculations. 

(2) Envelopes should only be used 
for strictly confidential matters. 

(8) Printed forms should not be left 
exposed on desks when not in use, but 
should be kept in drawers or desks 
until required. 


him only to thf)se who are authorized 
to use them. 

Non-productive Staff, Section 15. 
The preliminary step in this instance 
is to ask the works accountant to 
prepare a statement which gives a 
comparison between the productive 
and non-productive staffs. Fig. 190 
(page 246) shows the manner in which 
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this statement should be drawn up. 
It is an invaluable guide and will 
probably reveal the shops where the 
greatest weaknesses lie. The investi- 
gator will first ascertain the exact 
duties performed by each non-produc- 


department and the accountant asked 
to supply a weekly return giving the 
man hours actually charged. These 
returns should be recorded week by 
week and thus a close check will be 
effected. 


ANNUAL REPORT-~1940 
Index 

Section Sheet 

No. Particulars 

1 Outstanding Features ......... 1 

2 Output of Works .......... 2-3 

3 Boiler Plant and Fuel Consumption .... 4 

4 Consumption of Electrical Energy ... ... 6 

5 Summary of Savings Effected during Year ...... 0 

6 Savings Effected by the Introduction of New Macliines . 7-13 

7 Savings Effected by Alteration to Design . . 14 

8 Savings Effected by the Introduction of Improved Jigs and Tools . . 15-18 

9 Individual Shop Reorganization Effected and Progressive Schemes 

Introduced . . . . . . . . . . 19 30 

10 Schemes for Better Supervision ........ 31 

11 Arrangements Brought into Force Effecting a Saving in Sliop Transport 32 

12 Savings Effected by Use of Cheaper Material for Manufacture of Com- 

ponents, varied (Masses of Oils, l^aints, etc., as apart from Modifications 
in Design, and Consumable Stores, and other lUmis (/liarged to 
Workshop Expenses ......... 33 

Fio. 189. Suggested Index for Works Annum. Report 


^ivc employee, and will briefly tabulate 
these duties on a single statement 
similar to the arrangement shown in 
Fig. 184. A close study of the state- 
ment prepared will enable the 
investigator to decide whether the 
amount of time occupied on any 
particular duty is necessary and worth 
the expenditure which is involved. 
When his deductions are complete, the 
investigator will fix as far as practic- 
able what he considers is a reasonable 
number of man hours to cover the 
duties of each grade. These figures 
should be recorded in the rate-fixing 

i8— (B.354) 


Value of Independent Investigation 

There is every reason to believe that 
an intensive, analytical inquiry of this 
nature by one or more works assistants 
would prove beneficial in the admin- 
istration of the works. For instance, 
there is much that a foreman sees 
every day which, due to his having 
been brought up with the practice, 
may not occur to him as being other 
than satisfactory, and yet which, in 
point of fact, may be far removed 
from the ideal. 

In the compilation of an unbiased 
report the investigators would be 



COMt ARISON BETWEEN PRODUCTIVE AND NON-PRODUCTIVE STAFF 

Note The terms “productive” and “non-productive” require to be defined. A productive worker is one who works to defimte 
basis times, piecework prices, or the equiv’alent ; a non-productiv’e worker is one who, although he may hav’o an mdirect beanng 
on production, is either piaid daj'work. a lieu rate, or a bonus based on the earnings of a group of men or on the Shop 






Fig. 193. Annuai. Statement of Individual. Shop Reorganization 
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acting as liaison officers between the 
employees and the managerial staff, 
and as such would bring to light 
valuable information respecting cur- 
rent practices generally. 

Spending Sometimes Saves 

An important point requires to be 
mentioned. The elimination of waste 
does not necessarily mean a cutting 
down in every direction. Money will 
sometimes be wisely spent in certain 
departments by tlie employ m(‘nt of 
additional staff, which will result in 
substantial savings elsevvher(‘, the net 
results giving a credit balance. Anyone 
carrying out an analytical inv^cstiga- 
tion must lx* sulliciently broadminded 
to be cognizant of such a possibility. 
A decisive factor to remember, how- 
ever, is that, unless output is unmis- 
takably increased, there can be no 
real monetary saving in wag(*s except 
when expenditure, as represented hy 
the weekly wages bill, is decreased by 
an amount equal to whatever saving 
may be claimed. This simple truth is 
not always appr(*ciat(‘d as it should be. 

An engineer should al\\a\s be a linn 
believer in the prineijile of the con- 
servation of both mental and physical 
energy. If he ketqis this vwr in front 
of him he will do much towards the 
elimination of waste in every one of 
its various forms. 

Employees’ Suggestions 

Every employee should be encour- 
aged to offer suggestions for the more 
economieal and eilieient conduct of 
the firm's business. Ilis intimate 
contact with a particular job may bring 
to light some })hase of the work which 


can advantageously be improved 
upon. If he has the good sense to 
bring his proposals forward, as all 
good employees will, he deserves 
monetary award commensurate with 
the value of his proposal, and, of 
course, an appropriate reference should 
be entered on his staff record card. 

Notices to Avoid Waste 

The management should never hesi- 
tate' to put up in prominent places 
certain boldly printed notices to focus 
attention on the cost of negligent 
praedicc's. Fig. 188 shows the type of 
notice to which reference is made. In 
this instance attention is drawn to the 
cost of a leak, according to the size of 
hole, in a eompressed air service. A 
notice of this kind may, of course, only 
have a local application within the 
factory and for that reason its posting 
should be confined to the immediate 
area concerned. 

Works Annual Report 

Paradoxical though it may seem 
at first, it is convenient to consider 
within the scope of this chapter the 
activities of the works during the year. 
After all, output is closely allied to 
waste, because if there was a 100 per 
cent waste the factory would have to 
close down, and output would auto- 
matically cease. 

The best way in which output and 
progress generally can be put on 
record is to prepare an annual report, 
for internal reference only, giving all 
the major features associated with the 
internal administration of the factory 
throughout the whole of the year. 
It is suggested that this report be 
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furnished on the lines of the index 189 are given in Figs. 191, 192, and 19,'} 
shown in Fig. 189. Examples of respectively. Such a report will prove 
Sections 8, 4, and 9 included in Fig. invaluable. 


The came which is blocking all progress 1o-daif 
is the subtle scepticism which whispers in a 
million ears that things are not good enough 
to be zoorth improving. 

G. K. CllESTEliTON. 



CHAPTER XVII 


SHOP TRANSPORT 


Indispensability of Mechanical 
Equipment 

In the production of raw materials, in 
the converting of raw materials into 
finished articles, and in the progress 
of goods from factory to consumer, 
ordinary handling methods, occurring 
as they do so frequently in the day’s 
work, represent a high percentage of 
the costs. Loading and unloading, 
stacking and tiering, the arrangement 
of goods on different levels in different 
parts of tlie plant or warehouse, and 
the setting up of heavy machinery, arc 
just a few of the numerous stages at 
which handling takes place, and where 
costs are probably waiting to be cut 
down. It can indeed be said that shop 
and inter-shop transport in these days 
no longer consists of so many hand 
trucks and man-handled trolleys, as 
used to be the ease. It now means 
the intelligent and svstematie use of 
petrol or electric trucks, tractors, 
overhead travelling and mobile jib 
cranes, elevators, and conveyer sys- 
tems. It may mean even more than 
that — the proper arrangement of 
work centres according to the move- 
ment of individual components during 
manufacture. 

Whatever form of transport is used, 
it is important that it should not be 
overloaded. Consistently to overload is 
false economy ; accordingly an ample 
reserve of power must always be aimed 
at in order to minimize breakdowns. 


Conveyer Systems 

The installation of mechanical and 
gravity conveyers, straight and spiral 
chutes, and lifts is almost entirely a 
matter to be decided by the individual 
works concerned. Not even general 
rules can be laid down, as it depends 
entirely on the layout of the factory 
and the type of product as to which 
type of installation is best. All that 
can be said is that the direction and 
quantitative flow of material should 
be carefully studied, and laborious 
and costly man-handling of goods 
and material eliminated wherever 
practicable. 

The conveyer should be regarded 
not only as a means of transport but 
also as a method of regulating rate of 
outpxjt, for which purpose it is of higli 
value. This value, however, is to be 
attained only when the provision of 
the conveyer itself embraces a care- 
fully thought out and possibly elabor- 
ate organization for the continuous 
supply of parts at one end and dis- 
posal of tlie product at the other. 
Gravity roller conveyer systems, em- 
bodying output control, are illustrated 
in Figs. 194 and 195. The rollers 
should iilways be fitted with ball 
bearings and should be mounted on 
a sturdy frame. Fig, 196 shows a 
mechanical chain type conveyer em- 
bodying output control. This type has 
a good deal to commend it and should 
be fully exploited. 

«I60 
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Fiq 19') Gravity Holler System in i st at T\kl FArroRY (Vulcanizing of Tyres) 
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Lifting 

Lifting is a form of transport which 
arises with multi-story buildings, and 
with buildings which arc at different 
levels. The problem of lifting is a dis- 
advantage of the multi -story building, 
as it may be considered that any lift 
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IS (‘quiMilent to a \erv grejit length 
of horizontal traNerse. Onee in a lift, 
liowever, the dilTerenee in cost be- 
tween a short and great elevation is not 
appreeiable, since the eost of power 
and the time required for lifting are 
only a fraction of tlie total. With large- 
scale production it is sometimes 
possible to use a continuous type of 
lift, either \ertieal or inclined, of the 
conveyer type, similar to those used 
for horizontal traverse. In such in- 


stances the objections to vertical 
traverse arc greatly lessened. 

When asking for a quotation from 
a firm which specializes in conveyer 
equipment, it will be helpful if infor- 
mation on the lines of the following 
is supplied to them. 

(1) Class of material, giving size of 
the largest pieces. 

(2) Whether material is wet or dry 
and if it is inclined to be sticky or 
abrasive. 

(8) Weight of the material per cubic 
foot. 

(4) The maximum quantity to be 
dealt with per hour in tons or cubic 
yards. 

(5) The length of conveyer required 
— ^the distance from centre to centre 
of shafts or from point of feed to point 
of delivery. 

(6) The position of the conveyer — 
whether horizontal or inclined, and, if 
the latter, at what angle to the 
horizontal. 

(7) Particulars of feed and whether 
this will b(' regular or intermittent, 
and if at one end only or at inter- 
mediate points on the conveyer. 

(8) Whether the material is to be 
delivered at end of conveyer or at 
intermediate points. 

(9) Speed and relative position of 
motor or countershaft from which the 
conveyer will be driven. Give dia- 
meter of motor shaft or countershaft. 
It is best in all eases to drive the 
conveyer from the deli\cry end. 

(10) Type of framework required, 
i.e. steel or timber, and if it is to be 
enclosed or open. 

It will also be useful if a sketch of 
the existing layout is supplied. 
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Overhead Travelling Cranes 

One of the great virtues of the 
electric overhead travelling crane (Fig. 
197) is the effective way in which it 
will cover a large area. Fig. 198 illus- 
trates what may be regarded as good 
proportions of overhead crane practice. 


is shared by the Chief Inspector of 
Factories, as evidenced by his reports 
on crane failures. 

So far as lifting tackle is concerned, 
there arc many instructions which re- 
quire to be carried out. These will al- 
most certainly include the following — 



Fi(3 197 FiFT\-roN Capacity Overhead Travellincj Crane 


With transporters and other outdoor 
lifting appliances, long exposure to the 
weather may cause rotting of timber 
stays and rusting or corrosion of bolts 
and other parts. The risk of failure 
and breakdown from wear and cor- 
rosion can be eliminated to a large 
extent by periodical and thoroughly 
competent inspection. This fact is 
not always fully appreciated, too 
much n^sponsibility being left with 
crane drivers, fitters, and other un- 
authorized persons, a contention which 


(1) All chains, ropes or lifting 
tackle should be plainly marked with 
the saf(* working load. In the case of 
multiple slings, referc^nce should be 
made toAhe saf(‘ working load chart 
for information regarding the loads 
which may b(* lifted when the legs are at 
different angles. Copies of this notice 
should, therefore, be kept posted in 
proniin(‘nt positions at the places where 
chains, ropes or lifting tackle are kept, 
in ord(T that all concerned can make 
proper use of the appliances. 
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Fi(3. 198 . Pkoportions of Klectriu Overhead Cranes 
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(2) In no case is the examination 
period for any appliance in regular 
use to exceed six months. 

(3) No chain, rope or lifting tackle, 
except a fibre rope or fibre rope sling, 
should be taken into use in any fac- 
tory for the first time in that factory 
unless it has been tested and thor- 
oughly examined by a competent 
})erson, and a certificate of such a 
test and examination made out and 
kept for r(‘ference. 

(4) Every chain and lifting tackle 
except a rope sling should, unless of a 
class or description exempted by cer- 
tificate of the firm’s chief inspector 
upon the ground that it is made of such 
material or t»o constructed that it can- 
not be subjected to heat-treatment 


Trucks versus Tractors 

A truck may be defined as a vehicle 
with a permanently attached platform 
(Figs. 200 to 208). A tractor may be 
defined as a vehicle to which four- 
wheeled and other types of trailers 
are attached (Figs. 209 to 211). Some 
consideration is needed to decide 
which type and which particular 
design are thc‘ more suitable for the 
class of work to be performed. Clearly 
a tractor is not so mobile as a truck 
when it has to turn sharp corners or 
has to run backwards into an opening. 
On the other hand the trailers (Fig. 
212) can be released quickly and 
autornatieally, and as they are com- 
paratively cheap can be freely used, 
whilst a truck will geiuTally take 


CHAINS, ROPES AND LIFTING TACKLE. M>rk No 

Description Appliance used on 

Oat* 

R«(*iv*d 

D*(« 

(xam nat on 

Steps taken 
to 

Remedy Defect 

Dale 

of 

Annealini 

T^st Certificate 

Pftraon liiuing Ctrofcait | 

Date 

Nam* 

of 

Person 
txan It II { 

Part culari of 

Defact Found 

Oat* 

No 

Nam* 

Address 


V/^ 







1 




Fig. 199 . Record Card fob Chains, Ropes, and LimNo Tackle 


without risk of damage, be annealed at 
least once in every fourteen months, or, 
in the case of chains or slings of half- 
inch bar or smaller, or chains used in 
connection with molten metal or 
molten slag, in every six months, 
except that chains and lifting tackle 
not in regular used need be annealed 
only when necessary. 

The adoption of a card record on 
the lines of Fig. 199 has much to 
commend it. 


several minutes to load and unload, 
and will be out of action during that 
period. 

When purchasing petrol trucks 
and tractors the following informa- 
tion should be requested from the 
manufacturer — 

(1) Type of engine. 

(2) Capacity of engine. 

(8) Gear speeds. 

(4) Tank capacity. 

(5) Size of tyres fitted. 
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FlO 201 Two -TON rAl'ACITY TjiUCK 
WITH Screw Lift 'rrppiNo Dody, Hincjed 
Taiehoaih), and Detachable Sides 


1m(} 200. Fixed PLAThoHM Till ( K 
Deskjned I or Low Loading 



Fig. 202. 'I’lu ( e with Sri.LL End Fig. 2(K1. Tin i k ill i strati. d in Fjg. 202 

riPi'iNG Mom (Normm. Position oi with Body in Tipped-up Position 

MoD^ ) 







Fig. 204. Truck with Low'-sidld Chassis Fig. 205. High Loading Fixed Platform 
(In most Works this Type will have a Truck whth Slip- way and Coupling 

Very Wide .\ppi.Tc''ATroN) Bracket on Pi.atporm for Attachment 

TO ARTUn LATED TRAILER 
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Fig. 206. Truck illustkattcd in Fra. 20.^ with Articulated Trailer Attacuied 



Fig. 207. Fifty-cwt. Capacity Truck with a Turning Radius of 9 ft. 
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P'la. 208. Artici 



Fig. 209. Four-wheeled Heavy Type 
Traotou 



Fig. 211. Petrol Rail Tractor 


Bolster Truck 



Fig. 210. Tractor fitted with Short 
Platform to Give Greater Mobility 



Fig. 212. FoirR-WHEELED Trailer 
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(6) Wheel base. 

(7) Wheel track. 

(8) Turning radius. 

(9) Overall length. 

(10) Overall width. 

(11) Height. 

(12) Ground clear- 

ance (when 
loaded). 

(13) Chassis weight. 

(14) Gross load. 

From the purely 

operating point of view, 
manoeuvrability is very 
important. Confined 
spaces frequently have 
to be negotiated and the turning 
radius of the vehicle should be as 
small as possible. Three-wheeled 
vehicles have the advantage in this 
respect as they can be turned round 
in a space which only very slightly 
exceeds their overall length. The 
ground clearance when load(‘d should 
not be less than 0 in. At the same 
time the centre of gravity should be 


as low as possible^ to (‘usure a stable 
vehiele. 

The extensive us(‘ of stillages and 
trays in eonjunetion with trucks, in 
order to eliminate handling, is strongly 
recommended. Fr(‘quently, then* will 
be good use for one or more small 
lorries within the works. Figs. 213 
and 214 show the tvpes suggested. 
The latter exampk* is provided vvitii 



Fia. 214. Two-ton Lorhv with Dnor-sioisn Body and Dkmountabld Swivelling 
Hoist Loc ated Forward on the Oh- side to A«msT in J^-oading and Unloading 
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a small demountable swivelling hoist 
located forward on the off side. 

Time-table 

The transport system itself should 
embrace a carefully drawn up time- 
table for the collection of all regular 
loads. Trains and buses are required 
to run to a time-table and there is no 
reason why shop transport should not 
function on similar lines. 

DEPOT N950 
MOTOR CALLS 
AT 

9 -45amand 2- 0p.m. 

GROUP 5 

Fkj. 2iri. Depot Plate 

In drawing up a time-table for inter- 
shop transport one has to consider 
whether it will be advantageous to 
group together certain depots, which 
may be situated wid(‘ly apart but in 
the vicinity of which consecutive 
operations have to be performed on 
the same article, or whether to group to- 
gether certain shops which are in close 
proximity almost regardless of their 
having work in common. Generally 
speaking, it will be found that the 
former is the sounder policy, in order 
to avoid unnecessary loading -and un- 
loading. Shops located widely apart 
may have work common to both, and 
therefore it is a decided advantage for 
the motor which picks up material in 
the one shop to run straight through 
to the other shops requiring the 


material, and at the same time include 
in its journey any other depots which 
have work in common. 

Grouping of Depots 

Apart from the emergency motor, 
referred to later, all motors should 
work to a prearranged time-table, 
the calls laid down being consistent 
with the amount of material involved. 
In some cases a call may be made once 
daily at a specified time, in other cases 
it is possible that a call may be made 
every hour. These times should be 
prominently displayed at each regis- 
tered depot, the distinctive number of 
which is given, so that all concerned 
will know exactly when the call will 
be made and should thus be prepared 
for it. A steel plate 12 in. x 9 in. X 
i in., with white lettering on a dark 
background, is a suitable means for 
identifying depots. The type of infor- 
mation to be included is shown in 
Fig. 215. The time-tables should be 
arranged with reasonable spacing be- 
tween calls, so that ample time is 
given to dispose of large loads. This 
spacing will to some extent also permit 
of the motor being used for trans- 
porting extra loads. 

No article should be loaded or un- 
loaded at any point other than at a 
scheduled depot. All motors engaged 
on inter-shop transport should b(‘ 
given a distinctive group number, e.g. 
Group 3, this being shown on a de- 
tachable board on the front of the 
motor, and indicating that the par- 
ticular motor is confined to depots 
within that group and is working in 
accordance with the predetermined 
time-table. A copy of the time-table, 
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an example of which is given in Fig. 
216, should be framed and hung in the 
motor. 

A disc should be used in those few 
cases where it is not possible to say 
definitely that one or two calls are 
required per week. It may be that a 
month may elapse without anything 
being required to be transported from 


when he calls, may find there is nothing 
for him to move. 

Plan of Works Routes 

A block plan of the works, indicating 
the recognized transport routes, with 
a small circle to denote the location of 
each depot, and within the circle the 
registered number of the depot, should 


DAILY TIME-TABLE -MOTOR (iROUP No. 3 


Time of Call Loraliiy Depot No. 

8.00 a.m. Receiving Stoi’es ....... 58 

9.00 a.m. Welding Shop ....... 19 

9.15 a.m. Machine Shop (Drilling Section) .... 16 

9.45 a.m. Brass Foundry ....... 30 

10.45 a.m. Welding Shop ....... 19 

11.15 a.m. Machine Shop (Clrmdmg Section) .... 7 

11.30 a.m. Erecting Shop . . . . . . . 31 Ac 37 

12.15 p.m. Pcdrol Station ....... 65 

1 .30 p.m. Receiving Stores ....... 58 

1.45 p.m. Welding Shop ....... 19 

2.00 p.m. Brass Foundry ....... 30 

2.30 p.m. Smiths’ Shop ....... 40 

3.00 i).m. Machine Shop (Drilling Section) . . . . 16 

3.30 p.m. Welding Shop ....... 19 

4.15 p.m. Machine Slioj) (Automatic Section) ... 4 

5.00 p.m. Machine Shop (Brass Section) .... 48 


Kiu. 210. Dailv TiMrc-TABLiis j’oit Sifop Morou 


a certain depot, and then on another 
occasion as many as three trips in a 
week may be required to be made to 
the same depot, as in tlie case of a 
laboratory. In such a case a metal 
plate 6 in. diameter painted a bright 
red, with the letter “M” painted on 
it in black, representing “Motor,"’ 
should be hung on the depot plate. 
This will signify that the motor is 
required, and the driver who is on 
this particular road will see it, make 
his call, and hand in the disc to the 
individual responsible for showing it. 
On the other hand, if a regular call is 
arranged, say once a week, this may 
be preferable even though the driver, 

X9~(B.354) 


be prt‘pare(l. Included on the plan 
should be a chart giving the key to 
each depot. Copies of this eoinposite 
transport plan and key should be 
framed and posted in every shop 
otliee, and at other desirable points. 
Preferably, different colours should be 
used to denote different groups. This 
plan will be a source of reference, and 
will ( liable those concerned to keep 
the general scheme in front of them 
with a view to making suggestions for 
an improved service. 

Roads and Tracks 

If maintenance charges are to be 
kept down to a minimum, there must 
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Ik* no ovcrlouding of ^cJllclcs, and all 
roads and tracks must Ik* maintained 
in excellent condition. It would not 
be an overstatement to say that the 
condition of tin* truck and tractor 
routes governs the* maintenance costs 
of the vehicles which operate over 


the point of \dew of durability, but 
owing to the cost of laying and the 
difficulty of lifting the bricks in order 
to attend to water mains, electric 
cables, etc., it is not considered a 
practicable pro})osition. 

Reinforced concrete laid to a thick- 
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th(*m. Wood blocks make a good 
track, hut lU'cessitate a foundation of 
(*onerete and tin* use of tlu‘ same 
timber througliout . This l\pe of 
pa\ing is too eostl\ for most truck 
route's. Unless a good foundation is 
laid, trouble will be expe'rieiiced in the 
blocks hammering through the eon- 
(*rete. If hard and soft timbers an* 
mixed, the soft soon wears and in a 
short time the track is full of ‘‘pot 
hok's." 

Blue brick laid on a concrete 
feiundation makes an ideal track from 


ness of U, in. to ,5 in. makes a perfect 
track and will last for many years 
without any attention. Concrete 
should not be laid where there are 
drains, electric mains, etc. 

Cast-iron plates form a satisfactory 
type of track for trucks and tractors. 
There is the advantage too that they 
can easily be raised for the mainte- 
nance of culverts, drains, water mains, 
gas mains, etc., which are found in 
profusion in most factories. 

The adverse effects of bad roads arc 
numerous, and the heavy inainteiiance 
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charges on transport vehicles which 
result therefrom are not always appre- 
ciated and given the attention they 
warrant. 

Maintenance and Running Costs 

Each motor, as well as each trailer, 
should be given a registered number 
as soon as it arrives at the works, and 
all expenses, whether petrol, oil, or 
maintenance, should be debited to it. 
So far as supplies of petrol and oil are 
concerned, arrangements should be 
made for the motors to be replenished 
at specified times each day. Spare 
parts should be stocked, and to facili- 
tate interchangeability it will be neces- 
sary to adliere to standard types of 
vehicles. Systematic and regular in- 
spection of all transport equipment by 
a qualified mechanic will be a safe- 
guard against irritating breakdowns, as 
well as keeping repairs down to a mini- 
mum. In some instances a spare engine 
will avoid the risk of dislocation due 
to a breakdown. In all cases a central 
garage should he provided and a record 
maintained on tlic lines of Fig. 217. 

Shunting Locomotives 

These may be steam, including 
'‘bottle” type locomotives, electric, 
diesel, or diesel-electric locomotives. 

Whatever form of shunting engine 
is adopted it is essential that there 
should be ease of control, rapid 
acceleration, reliability of service, and 
ample power available. Furthermore, 
the unit should be capable of being 
efficiently operated by one man. 

Records 

Adequate records, as well as syste- 
matic maintenance, are necessary if 


breakdowns are to be avoided. For 
example, in the case of a steam loco- 
motive it is recommended that a six- 
monthly examination be carried out, for 
which purpose reports should be drawn 
up on the lines of Figs. 218 and 219. 

Centralized Control 

Centralized control of all mobile 
transport facilities, whether these be 
locomotives, motor trucks or tractors, 
trailers or mobile cranes, has every- 
thing to commend it. In the first 
place each unit can be used to the 
fullest advantage, and there is not the 
standing time or unnecessary light 
running that may oecur when it is 
confined to one shop and is under the 
jurisdiction of the shop foreman. 
Secondly, if a unit is not under the 
jurisdiction of a shop foreman he will 
lodge a complaint against unsatisfac- 
tory service much sooner than if it 
were under his own control. Hence 
improved elliciency. It should be 
quite unnecessary for a shop foreman 
to ring up the transport officer except 
in isolated eases, when a motor d(*- 
tailed as the emergency motor, having 
approximately only 50 per cent of its 
time engaged on routine work, should 
be sent. 

The adoption wherever possible of 
mechanical handling methods is an 
indication of progress, and in a large 
works there is much money to be 
saved in a properly organized shop 
transport system. It can safely be 
regarded, therefore, as a good invest- 
ment to choose as the works transport 
officer someone who is mechanically 
trained and who possesses considerable 
intelligence and initiative. 
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Date 

BOILER REPORT FOR LOCOMOTIVE NO 


Date put to 
work after last 
Heavy Repair 

I Date of Light 
Repair smee lost 
Heavy Repair 

Date Boiler 
new 

Date due for 
next mtemal 
examination 






Tubes 

Firebox Stays No broken No worn small at heads No of steam tight 

Copper Tube Plato 

Side Plates 

Door Plate 

Top Plate 

Roof Stay Bolts To ehaiige Nuts To change 

Shell Plates 
Steel Tube Plato 
Smoko Box 

Estimated time Boiler will run be fore it u quires Heavy Rejiairs 
Remarks 

Signed 

I JO 21H Boiifr Rn»oiii loii Locomoiivji. 


Date 

JAAMINATION OF LOCOMOTIVE NO 


Date of last Datt of Light Repair since last 
Heavy Repa 11 Heavy Ri pair 


Condition of Motion 

Condition of Cylinders 

Condition of Frames 

Condition of Side or Saddle Tanks 

Date of last Piston Examination 

Approx date of next Examination 

Wheel Tyres 

Condition of Flanges 
Condition of Treads 
Thickness of Treads 

Remarks 


Minimum thickness at top of 
cylinders when last under 
repair 


L 

R 


Signed 

>Jo 219 Report op Locomotive 



CHAPTER XVIII 


MOTION AND TIME STUDY 

Job Study " gained by making the operators tired 

Job study has a twofold purpose — as a result of unneeessary aetivity. 

(1) To improve methods and eon- After all, even the strongest individual 

ditions of work, and has his physieal limitations and no 

(2) To develop a basis for rate-lixing. one will wish to make two journeys 

The first is known as motion study, when one will suffice, nor to put things 

the second as time study, each of down just for the pleasure of picking 
which may be carried out quite them up again. Yet in effect this is 
independently of the other. what happens in many factories, and 

the management wonders why pro- 
Motion Study duction is so costly. It does not 

A motion study of a job in its general appear to be appreeiated that not 
elements may reveal many losses and only is there a senseless waste of time, 
useless motions without any eon- but the operator is exhausted by un- 
sideration of the time element. There neeessary action and is, therefore, un- 
are four possible changes which come able to give of his best when engaged 
through the taking of motion studies: upon actual production. 

(a) operations may be changed and Although motion study may chiefly 
newer and more effective ones found, be considered to centre around the 

(b) cheaper and more easily worked method of doing the work, it must also 

material may be introduced with involve a careful consideration of 
equally satisfactory results, (c) changes materials, machines, tools, jigs, fix- 
in equipment may be devised, and tures, and other equipment, also work- 
(d) data may always be secured, from ing conditions and any other features 
which a series of operation schedules affecting the particular job. There is 
may be developed for other items of much to be said in favour of subject- 
manufacture. ing the operation to a specific and 

Whilst the small-scale manufacturer detailed examination in order to find 
may consider that motion study is too a better way of doing it, and having 
complex to merit his consideration, its done this the most satisfactory solu- 
elemcntary principles might prove ad- tion is likely to result if the observer 
vantageous to him. If only he can obtains the co-operation of such in- 
relieve strain and lessen fatigue it will dividuals as the foreman, jig and tool 
be worth while, as any intelligent designer, and in some cases the 
supervisor will realize that nothing is operator. 
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Operation Analysis 

After recording all that is known 
about the operation, its various phases 
should be considered as follows — 

1. Materials 

(a) Can eheaper material be sub- 
stituted ? 

(fc) Is the material in the right con- 
dition when supplied to the operator? 

(r) Is the finish of the material too 
good for the purpose required, or is it 
not good enough ? 

2. Handlinfi of Materials 

(a) Do delays occur in the delivery 
of material to the o])erat()r? 

(b) Can the material be moved a 
less distance? 

(c) Can it be liandled fewer times? 

8. Toolsy Jifls, and Fijctures 

(a) Are the tools correctly designed 
for the work ? 

(b) Are they in good eemdition? 

(c) Can tools or fixtures be im- 
proved so that less skill is required to 
perform the operation? 

(d) Are botli hands oeeujiied in the 
use of the tools or lixtures? 

4. Setting- up of Machine 

(a) Is the quantity of details ordered 
an economical machining quantity? 

(b) Are drawings, tools, and gauges 
obtained promptly? 

(c) Is it economical for the operator 
to set up his own machine? 

(d) Are any delays caused in making 
inspection of 1 lie first details produced? 

5. Operation of Machine 

(a) Can the operation be eliminated ? 

(b) Can the work be done in mul- 
tiple? 


(c) Can multiple operations be 
carried out? 

(d) Can the machine speed or feed 
be increased? 

(e) Can an automatic feed be used ? 

(/) Can the operation be divided 

into two or more short operations? 

(/j) Can the sequence of the opera- 
tion be changed with advantage? 

(//) Can a more suitable coolant be 
used? 

G. Operator 

(a) What is the operator’s base 
rate? 

{b) Is a lower-rated operator cap- 
able of performing the same operation 
satisfactorily ? 

(c) Is the operator qualified to 
perform the operation? 

(rf) Can the operator’s performance 
be improved by further instruction? 

(c) (’an unnecessary fatigue be eli- 
minated by a change in layout, or 
\\orkiug conditions, e.g. the introduc- 
tion of a balanced suspension to carry 
a portable machine, the use of con- 
veyers or other means for moving 
mat (‘rials, or provision for the operator 
to work in a sitting position? 

(f) Is siqKTvision satisfactory? 

7. Working Conditions 

(a) Art; the lighting, heating, and 
ventilating arrangements satisfactory ? 

(b) Are there any unnecessary haz- 
ards involved in the operation? 

The foregoing questions show some 
of the more general elements that must 
be included in a thorough considera- 
tion of the problem of finding the best 
way in which work may be done. In 
the case of machines a preliminary 
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survey of a complete group may 
reveal much valuable information. 
Such information should be compiled 
on the lines of Fig. 220. 

Specific Analysis 

Many instances will arise calling for 
a particular set of questions. Consider, 
for example, the cupolamen in an iron 
foundry. Such a questionnaire as the 
following might be drawn up. 

1. Ilow many mon are involved? 

2. Whai is the base rate of pay? 

3. What is the average percentage bonus 
earned ? 

4. Wliat are their weekly average <‘arn- 
ings? 

6. What is tin* basis of payment? 

6. Ar(‘ they i)aid i)n input or output? 

(а) If the forin<‘r is it on input of iron 

only? 

(б) If the latter is it on output of good 

castings only ? 

7. Is there any variation in staff for low 
output or other special conditions? 

8. Are there any mechanical aids? Jf so, 
give particulars. 

9. How is the material lioisttMl ? 

10. Is any weighing done? 

1 1. Are the men paid on their own recorded 
weight? 

12. What is the total distance the men 
have to wheel coke and pig iron ? 

13. Have they any other duties? If so, are 
these separately priced ? 

14. Who lines thtJ cupolas with refractory 
material ? 

16. What is thti rat(» of pay for these men 
and what are their average earnings? 

1(5. What is tlivir method of payment? 

17. Is bricking done by the cupolamen? 
If so, in small or larg(* amounts? 

18. If bricking is not done by cupolamen, 
by whom is it done ? 

Each factory has its own problems 
and, so far as those involving produc- 
tion arc conc(Tncd, it is only by 
analysing them on the lines indicated 
that the foundations of manufacturing 
efficiency will be laid. 


Therbligs 

A therblig is an element of a cycle 
of motion. There is no difficulty in 
identifying each of the following 
therbligs. 

(1) Transport loaded. 

(2) Transport empty. 

(3) Change of direction. 

(4) Grasp. 

(5) Hold. 

(6) Releasing load. 

(7) Position. 

(8) Pre-position. 

(9) Selection. 

(10) Search. 

(11) Inspection. 

(12) Plan. 

(13) Use. 

(14) Assembly. 

(15) Unavoidable delay. 

(10) Avoidable delay. 

(17) Balancing delay. 

(18) Rest for overcoming fatigue. 

As a case in point the therbligs 

used when writing, if it is assumed 
that a fountain pen is picked up, 
writing is carried out, and the pen is 
returned to the ink stand, are as 
follows — 

Namkh of Tiikuhlios Stefs Used in Wkitino 

( 1) Transport en»pty. lieachos for pen. 

(2) Grasp. (irasps pen. 

(3) Transport loaded. Carries pen to paper. 

(4) Position. Positions pen for writing. 

(5) Use. Writes. 

(6) Tran&q:><.)rt loaded. Heturns pen to holder. 

(7) Pre-position. Inserts pen in holder. 

(8) Release. Lets go of pen. 

(9) Transport einjity. Moves hand to paper. 

Principles of Motion Economy 

The following rules will form a 
basis for improving efficiency and 
reducing fatigue in manual work, but 
it will be appreciated that the whole 
of these are not applicable to every 
operation. 
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(1) Both hands should begin and 
complete their therbligs simultane- 
ously. 

(2) Both hands should not be idle 
at the same instant except during rest 
periods. 

(3) Motions of the arms should be 
in opposite and symmetrical directions 
instead of in the same direction, and 
should be made simultaneously. 

(4) Hesitation should be analysed 
and studied, its cause accounted for 
and if possible eliminated. 

(5) The number of therbligs re- 
quired to do work should be counted, 
because the best way is almost always 
a sequence of tlu‘ fewest therbligs. 

(6) Motions should be confined to 
the lowest possible classifications in 
order to reduce fatigue. 

1st. Finger motions. 

2nd. Finger and wrist motions. 

3rd. Finger, wrist, and lower arm 
motions. 

4th. Finger, wrist, lower arm, and 
upper arm motions. 

5th. Finger, wrist, lower arm, upper 
arm, and body motions. 

(7) Continuous curved motions are 
preferable to straight-line motions in- 
volving sudden and sharp changes in 
direction. 

(8) Rhythm is essential to the 
smooth and automatic performance of 
an operation, and the work should be 
arranged to permit easy and natural 
rhythm wherever possible. 

Arrangement of the Work Place 

A great deal depends on the proper 
arrangement of the work place. To be 
successful each of the following points 
should be given due consideration — 


(1) Definite and fixed eentres should 
be provided for all tools and materials. 

(2) Controls should be located as 
close in front of the opiTator as 
possible. 

(3) Materials and tools should be 
located to permit the best sequence of 
therbligs and should be within the 
normal grasp area. 

(4) The height of the work place 
should preferably be so arrang(‘d that 
alternate sitting and standing at work 
are easily possible*. 

(5) A chair of the proper type and 
height to permit good posture should 
be provided where possible for every 
employ ee. 

(6) Gravity feed eontaiiu'rs should 
be us(‘(l to (ii‘liver the material as 
close as possible* to the point of 
assembly or use. This deli\ery point 
should be near the height at which it 
is assembled, in order to eliminate any 
lifting or eliange* of direction in (‘arry- 
ing the parts to the assembly. Con- 
tainers for holding supplies should be 
arranged, pref(*rably at an angle of 
about 30^. 

(7) Drop ” deliv cry should be used, 
wherel>y the operator may deliver the 
finished article by releasing it in the 
position in which it was completed, 
without mo\ mg to dispose of it. 

(8) The heiglit of the working sur- 
face should be equal to the height of 
the elbow of the operator when stand- 
ing with the arms relaxed. 

(9) The principle of the circular 
work place should be followed wher- 
ever practicable. Work should be 
confined preferably to the normal 
work area, i.e. that lying within an 
arc described on the work placed by 
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the hand with the forearm extended 
in front, the upper arm more or less 
relaxed. It should never extend be- 
yond the maximum work area, which 
lies within the arc described on the 
work placed by the hand with the 
arm fully extended in front, pivoting 
from the shoulder. 

Tools and Equipment 

Finally, tools and other equipment 
require their fair share of attention if 
efficiency is to be assured. These 
involve each of the following points — 

(1) The hands should be relieved of 
all work that can be performed more 
advantageously by the feet or other 
parts of the body. 

(2) Combination tools should be 
used wherever possible. 

(8) Tools and materials should be 
pre-positioned wherever practicable. 

(4) Where each finger performs some 
specilie movement, such as in type- 
writing, the load should be distributed 
in accordance with the inherent capaci- 
ties of the fingers. 

(5) Handles such as those used on 
cranks and large screwdrivers should 
be designed to permit as much as 
possible of the surfaee of the hand to 
come in contact with the handle. This 
is particularly true wlicn considerable 
force is exerted in using the handle. 
For light assembly work the screw- 
driver handle should be so shaped that 
it is smaller at the bottom than at the 
top. 

(6) Levers and handwheels should 
be located so that the operator can 
manipulate them with the least change 
in body position and with the greatest 
mechanical advantage. 


Time Study 

Time study means an accurate 
analysis of the time necessary to per- 
form an operation or a specific part 
thereof. It involves all the features 
of close observation which are found 
in motion study but also includes the 
time element. 

For the purposes of job study, all 
work may be placed under two general 
headings — 

(1) Work done by machines, and 

(2) Work done by operators. 

In the main, whereas motion study in- 
cludes only a study of the work done 
by operators, time study includes a de- 
tailed analysis of both “machine 
time,” or the time taken by the 
machine in doing its share of the work, 
and “handling time,” which is the 
time taken by the operator. No 
management can carry out its duties 
without information as to what is 
taking place in the works under its 
jurisdiction, and time study is the 
only trustworthy source of some of its 
most important information. 

The carrying out of a time study 
involves the intelligent analysis of the 
individual and minute times taken 
to perform the elementary operations 
constituting an\ complete cycle of 
operations. It is very different from 
mere “tiihing,” which is the recording 
of the whole duration of a job, and its 
importance is more and more widely 
recognized. Whilst it is usually 
thought that the fixing of basis times 
or piecework prices is the main func- 
tion of time study, the department 
responsible should, in a well-organ- 
ized works, also fulfil the functions 
of, securing manufacturing efficiency, 
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improving design, and reducing fatigue, 
nianufacturing efficiency being the 
most important of all these. Even in 
the most up-to-date and progressive 
factory there is always scope under 
each of these headings, because what 
is satisfactory to-day may be hope- 
lessly out of date to-morrow. 

Manufacturing Efficiency 

Anyone who is called upon to act 
as a time study observer should realize 
that his primary duty is to promote 
manufacturing efficiency. Existing 
methods must always be closely ex- 
amined with a view to their improve- 
ment, and opportunities must be 
sought for eliminating operations 
altogether, or making successive opera- 
tions simultaneous. Design may be 
challenged, more particularly if it has 
been in operation for some time. 

It should not be imagined that time* 
studies force operators to work harder 
in increasing their output. Properly 
arranged cycles of operations call for 
no undue exertion on the part of the 
operator, and the aim of the observer 
in improving conditions and methods 
is to eliminate unnecessary work. In 
many cases, even with a much greater 
output, a distinct reduction of fatigue 
can be obtained. 

Undoubtedly the best men to carry 
out the time study, assuming they 
have been well chosen, are the rate- 
fixers themselves, working under the 
direction of the rate-fixing assistant, 
who in turn should be responsible to 
the production engineer. By this 
means they will be organized under a 
single control directly responsible to 
the works management, and not under 


the foremen or superintendents of 
the departments to which they are 
allocated. 

Secret time studies should never be 
attempted. At the best the presence 
of an observer is certain to create un- 
easiness even though it may be only 
slight. Accordingly, while not render- 
ing themselves offensively conspicu- 
ous, observers should take tlieir time 
studies in a perfectly open manner 
and deal at once with any questions 
raised by the oj)erator unde r observa- 
tion, or by otheis. A position at the 
side of the operator is better than one 
directly in front of him. The observe*!’ 
shemlel remain standing when stud v mg 
a standing operator, but may sit down 
if the ojierator is seated. 

Type of Operator to be Observed 

There WMiulel appe ar to be threH' types 
to consider 

(1) The lirst-e*lassorex})e‘rl op(‘rat()r. 

(2) The ‘‘average” oj)e‘rator. 

(3) Whoever is on tlie job when tlie 
stud\ is maele the* more usual e‘ireum- 
staiu’e. ()e*e‘asionally this methoel ne- 
e*essitates the use of factors to ‘"level” 
the jeib to the time* of the* “ave’rage” 
eiperator or to some ot he*r ele*fine*el type. 
This means that the* study taken on a 
sub-stanelarel operator will reepiire* to 
be* “lowered”; .inel that ein a supe*r- 
standard operator “raise‘el.” Fae*tors 
sue*h as skill, effort, e*onelitions, anel 
eonsistene*y will require to be used iu 
the le\elling. 

Determining the Number of 
Observations 

The nurnbe'r eif observations should 
be sufficient to give an ade*quate 
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statistical sample for computation of 
the selected element time. They 
should include all factors influencing 
the operation, and give evidence of 
consistency of effort — ^the greater the 
consistency the fewer need be the 
observations. 

Handling time will usually be found 
to fall into three general classes — 

(1) The handling of the material 
that is being worked upon. 

(2) The handling of the machine by 
the operator. 

(8) The handling of tools used by 
the operator in connection with the 
job. 

Time study implies an intense 
analysis of all these phases of work, 
and it is useless to commence a time 
study until a motion study has been 
applied to all three of these, namely, 
materials, equipment and methods. 

Bedaux System 

Ever since its inception in 1911, the 
Bedaux plan has been generally ap- 
plied as a basis for wage incentive, 
but its originator, Mr. Charles E. 
Bedaux, states that this conception is 
basically wrong, as the principles are 
not primarily associated w^ith any 
form of wage incentive. In reality its 
principles are those of a highly special- 
ized method of dealing with a time 
study, although it does actually affect 
wages. The Bedaux measurement of 
labour is based on the principle that 
all human effort may be measured in 
terms of a common unit, made up of 
a combination of work and rest, with 
the proportions dependent upon the 
nature of the effort and subsequent 
relaxation required in compensation. 


The unit is known as the Bedaux Unit 
of Human Power Measurement and 
for convenience is always referred to 
as the “B.” As tasks vary, the ratio 
of work to rest within the unit varies, 
the unit itself, however, remaining 
constant. The ‘‘B” is not a minute of 
working time, but a minute in which 
work and compensating relaxation are 
combined in the proper proportions. 
An operation might have a cycle time 
of 2*4 seconds and be of such a nature 
as to require an allowance of 150 per 
cent for relaxation. Then the effort 
value of the work is ascertained as 
follows — 

2*4 seconds -f 3*0 seconds rest ^ 

=01Bs 

Another operation might have a cycle 
time of 2*06 minutes and be of such 
a nature as to require an allowance of 
50 per cent for relaxation. Then the 
effort value in this instance equals 
4*44 B’s (2*96 minutes’ work + 1*48 
minutes’ rest — 4-44 B’s). 

A production of 800 pieces an hour 
in the first operation represents 
800 X 0-1 = 80 B’s an hour. An 
equal amount of effective effort on the 
second operation would produce 18 
pieces an hour, since 18 X 4*44 B’s 
equals 80 B’s per hour. If only 17 
pieces dn hour are produced, then the 
effective effort has been less (17 X 4-44 
B’s — 75*5 B’s per hour). It will thus 
be seen that the B is based upon 
human energy and time. It is inde- 
pendent of type of product, employee, 
and money value. 

To make earnings equitable full 
consideration must be given to the 
following factors — 
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(1) Skill, experience, and respon- 
sibility required. 

(2) Amount of effort expended. 

The Bedaux base rate covers the first 
factor, and the Bedaux premium 
covers the second. The standard day’s 
work, i.e. an average output of 60 B’s 
an hour, is the same for every indi- 
vidual, irrespective of sex, occupation, 
or basic wage. Additional pay is given 
for additional effort and the amount 
of this added effort is measured so 
that no individual is unequally re- 
warded. B’s produced in excess of 60 
per hour are termed “Premium B’s,” 
the money value of these being equal 
to the base rate divided by 60. 

Office Studies 

Motion and time studies can be 
carried out with good effect on certain 
kinds of office work, such as the pre- 
paration of letters, circulars, and 
literature for posting, the making up 
and payment of wages, and work on 


duplicating machines. The principles 
applied are much the same as in the 
works. Great care should be taken, 
however, in selecting the work for 
study and in applying the results, 
allowance being made for each varia- 
tion of conditions. For example, cal- 
culating machine work is not purely 
mechanical but requires mental effort 
combined with meehani(*al work, and 
any kind of stress or pressure towards 
faster work is liable to lead to errors. 
The number of figures and nature of 
calculations vary, and such variations 
affect the speed with which the work 
can be done. 

Typewriting, either from recorded 
speech or from shorthand notes, should 
not be considered, as both the matter 
dictated and the character of dictation 
vary considerably, and these variations 
affect the possible rate of ty})ewriting. 
It should only be considered for time 
study when tlie typed matter is taken 
from straightforward printing or notes. 



CHAPTER XIX 


PAYMENT BY RESULTS 

Remuneration of Labour Employee Participation in Profits 

The remuneration of labour is the chief The oldest kind of employee par- 


problem of all industries. There are 
other df'batuble (juestions, but many 
of these arise because employees are 
discontented with their wages. 

Simplicity is peThaps the most im- 
portant demand in wage affairs, as 
nothing can more easily destroy the 
confidence of the men than eom- 
plicated methods of calculation when 
dealing with earnings. Not less 
important is the fact that every 
single employe(‘ is entitl(‘d to r(‘(*ei\e, 
and should r(‘eeive, e\erv facility for 
obtaining adequate information as to 
how his w(‘(‘kly (‘arnings are armed at. 

If it can be accepted that th(‘ highl\ 
placed exeeutive ollieer will b(‘ en- 
couraged to reiuwv his (‘fforts wdien 
n*w'arded with an advance in salary, 
can anyone doubt that tlie ajiplication 
of an incentive sxstem of payment is 
fundanuaitally sound wIkmi applied to 
the manual worker? 

Payment Ijj results is the general 
term applied to any sxstem of wage 
paynumt in xxhieh th(‘ xvages payable 
are directly depiaulent on the output. 
Such sx stems are as dixerst* as they 
are numerous, though they all have 
certain administratix e features in com- 
mon. Hd’ore (‘xpatiating on this sub- 
ject, hoxvexer, it will b(‘ protitablc to 
refer briefly to other systems which 
are closely allied to, if not a special 
type of, payment by results. 


ticipation is direct financial participa- 
tion in the profits of the concern. This 
may come at regular intervals through 
some developed plan of profit-sharing, 
or it may only be carried out at the 
end of more prosperous years. Profit- 
sharing implies an agreement between 
employer and employees, under which 
the latter receive, over a given period, 
a predetermined share in the profits 
of the undertaking in addition to their 
xvages. With such a scheme, the 
employee knows that he will secure a 
delinite share of xvhatcwer profits there 
may be at the end of a yt'ar or other 
agrec'd jieriod. 

Prolit-sharing is often used as a 
means of arousing the interest of 
employees xvhose work does not lend 
itself to their being placed on a piece- 
work sxstem. Profit-sharing becomes 
an ideal preventive for hasty strikes if 
provision is made in the profit-sharing 
agreement that only those employees 
with continuous service shall share in 
the profits. To go out on strike is 
naturally regarded as an interruption 
of continuous service. One of the main 
objections that employers have raised 
to profit-sharing is tliat it does not in 
reality inv^olve financial participation, 
inasmuch as losses are not shared by 
those who share the profits. This must 
be regarded as one of the weaker points 
in any profit-sharing plan. 
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Employee Stock Ownership Schemes 

To invest profit-sharing funds in the 
stoek of the company is a more usual 
feature of profit-sharing schemes. It 
leads to direct participation in manage- 
ment. Any such plan must be care- 
fully guarded and explained to em- 
ployees concerned, particularly as 
regards possible decline in the market 
v^aluc of the securities. Furthermore, 
unless the number of shares which 
a given employee may own is consider- 
able, the plan tends to become one for 
nnestment of the spare funds of the 
employee, rather than one of real 
participation in management. 

Service Bonuses 

One criticism of the practice of 
paying employees in a particular grade 
the same rate of pay, or pay which 
varies only as th(‘ir production varies, 
is that it does not take into account 
the length of time th(‘ employee has 
been with the firm, iiis loyalty, and 
his general k^o\^ ledge of the industry. 
Tins objection is sometimes overcome 
by the payment of a service bonus. It 
IS usually a percentage of (*arnings, paid 
regardless of the type of work which is 
performed or of the money earned in a 
given period, and it increases as the 
length of service increases. Some firms 
commence payment of service bonuses 
after six months’ employment, whilst 
others defer the payment for as 
long a period as five years. The basis 
of this payment will depend on the 
type of employee which the firm 
desires to recognize, and also on the 
length of service considered necessary 
to make the employee of added value 
from a producing standpoint. 


Special Bonuses 

The distribution of bonuses at 
Christmas, or other times of the year, 
in an attempt to share with employees 
the profits of the firm over a period, 
has not usually proved a successful 
form of employee parti(*ipation. It 
cannot strictly be rcgard(‘d as partici- 
pation in profits, as the distribution of 
tlic bonus is really a gift from the firm 
to its employ (‘cs. A little consiik ration 
will show^ that bonuses can be worked 
out for almost any featun* of industrial 
activity. This is particularly true in 
the case of exeeiitives’ or foremen’s 
bonuses, some of which appear to be 
unduly involved. 

Premium Bonus and Piecework 
Systems 

It will be found that most industries 
have adopted one system or another 
of payment by results. With true 
piecework, where a lixicl price is paid 
for a gi\en job, an eniplo\cr knows 
exactly what his w^ages costs will be. 
This system, however, seldom applies 
in enginee ring factories where the more 
promiiunt systems arc (a) the piece- 
work system with a guaranteed time 
WTig(* (100 per cent premium bonus), 
(/;) the Halsey, (e) the Halsey -Weir, 
and (r/) the Rowan system, all of which 
arc premium bonus systems. 

Plain Premium System (100 per 
cent). With the plain premium system 
the value of the whole of the time or 
of the money saved is paid to the 
employee. Consequently there is no 
reduction in wages cost however large 
a proportion of the time allowed or 
“basis time’* may be saved. 

Halsey Premium System (88^ per 
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cent). To enable a bonus to be earned 
equ£il to one-third of the time worked, 
it is necessary to double the estimated 
time in order to arrive at the appro- 
priate basis time. In view of this, 
opportunities for earning bonus are 
continued for a more extended period 
than under the other premium systems. 
The Halsey system is simple to work, 
as is also the calculation of the bonus 
due. 

Halsey-Weir Premium System (50 
per cent). Under the Ilalsey-Weir 
system the time saved is shared 
equally between the employer and the 
employee. To enable bonus to be 
earned equal to one-third of the time 
worked, it is necessary to add 66*6 per 
cent to the estimated time. The sim- 
plicity with which the bonus due is 


calculated, i.e. one-half of the time 
saved, is one of its recommendations. 

Rowan Premium System, This is the 
only system which has a truly logical 
feature inasmuch as the bonus paid 
bears the same relation to the time 
taken as the time saved bears to the 
basis time, or BT : TT : : TS : P where 
BT = Basis Time, TT Time Taken, 
TS = Time Saved, and P Premium 
or Bonus Hours. 

The basis time to yield 33^ per cent 
bonus is obtained by adding 50 per 
cent to the estimated time. 

The bonus (P) earned ^ ^ or, 

B1 

TS 

percentage* bonus earned - ^100 

- X per cent, and bonus (P) x per 
cent of TT, 
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Fig. 221 shows the time wliich must 
be added to the estimated time und(*r 
each system. A bonus of 33 J per cent 
has been assumed as this is a common 
percentage allowance in engineering 
factories. 

The following facts should be noted. 
Under the plain premium system (the 
piecework system with 
a guaranteed time rate) 
the whole of the sav- 
ings are paid to the 
employees ; under the 
Halsey and Ilalsey- 
Weir systems, arbitrary 
divisions are made, the 
bonus payments under 
all three systems fol- 
lowing the straight line 
law. With the Rowan 
system the employee is 
paid a percentage on 
the time taken equal 
to that percentage of 
the basis time which is 
saved. The more liberal 
payments under this 
syst(‘m when not more 
than one-half the time 
has been saved will be observ(‘d, as 
will also the smaller proportion of pay- 
ments when more than one-half has 
been saved (Fig. 222). If, liowever, 
under the Rowan system the basis time 
is correctly set in the first instance it is 
improbable, particularly with machine 
work, that an operator will exceed 
50 per cent bonus. 

It is always interesting to compare 
and contrast various systems of pay- 
ment by results. Take, for example, 
the Rowan system and that of the 
piecew^ork or 100 per cent premium 

2C— (B 3*54) 


bonus. Tables XVI and XVII show 
wdiat occurs under each system 
respectively when increasing percent- 
age bonuses arc earned. In Table XVI 
Columns E and F show that with 
increasing percentages the time paid 
for the job decreases ; Column G shows 
how total earnings increase with out- 


THE CASE 5H0IAM IS FDR AN ARTICLE HAVING A BASIS TME OF 70^ HOURS 
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put; Column II shows how^ the output 
increases witli inerc'asing percentage; 
Column J show^s the time it would 
take to do the jobs if only 33 J per 
cent wT*re (‘arned. In l'abl(^ XVII, 
Cohinms R and C show^ how w^ages 
per article* decrease proportionately 
with increas(‘d bonus jier article (the 
cost of the article remaining constant ) ; 
Column F sliows how* total earnings 
increase with output ; (V)luinn (i shows 
how' the output increases with increas- 
ing percentage. Fig. 223 shows the 
w^ages costs and output for varying 
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TABLE XVI 

Gross Earnings with Increasing Percentage Bonus under Rowan Premium 

Bonus System 


Basis 

Time 

per 

Article 


(A) 

Hours 

70i 

70i 

70i 

70i 

70| 

70i 

70i 

70* 

701 

701 

701 

701 

701 

701 


Time 

Taken 

per 

Article 

Time 

Saved 

per 

Article 

Premium 
Bonus 1 
Eanie<l 
per 

Article 

Percent- 

age 

Bonus 

per 

Article 

Time 

Paid 

for 

Job 

Total 1 
Earnings 
for 

47 hours 

No. of 
Articles 
done in 
47 hours 

Time it would 
take to do 
these Jobs 
if only 331% 
was earned 

(B) 

(C) 

(B) 

1 (E) 

(F) 

(G) 

(H) 

(j) 

Hours ' 

Hours 

Hours 

% 

Hours 

Hours 


Hours 

47 

231 

161 

331 

621 

62} 

1.0 

47 

421 1 

28| 

17 

40 

69* 

66 

Ml 

52} 

381 1 

1 31! 

17* 

45 

561 

681 

1*21 

56} 

361 

1 361 

17* 

50 

621 

701 

1*33 

621 

311 

I 381 

17* 

55 

491 

73 

1-48 

601 

281 

421 

17 

60 

451 

761 

1-66 

78 

24! 

45} 

16 

65 

40} 

771 

L9 

801 

211 

491 

141 

70 

36 

80 

2-21 

103} 

17} 

621 

13* 

1 76 

31 

821 

2*64 

124 

14 

661 

11* 

1 80 

251 

84} 

3-35 

1571 

101 

60 

9 

1 85 

191 

871 

4-47 

210 

7 

631 

«* 

1 90 

131 

891 

6*71 

3151 

31 

67 

3* 

; 95 

6} 

90i 

13-43 

6311 

— 

701 


100 






TABLE XVII 


Gross Earnings witi| Increasing Percentage Bonus under Piecework System 


Piecework 

Price 

per 

.Article 

Wages 

per 

Article 

1 

Bonus 

Earned 

per 

Article 

I*ercentage 

Bonus 

Earned 

Operator’s 

Base 

Kate 

Total 

Earnings 

for 

47 hours 

No. of 
Articles 
done in 

47 hours 

(A) 

(B) 

(C) 

(B) 

1 o 

1 (E) 

(F) 

(G) 

628. 

8d. 

1 

' 478. 

Od. 

158. 

8d. 

/o 

331 

1 47b. 

62b. 

8d. 

1*0 

628. 

8d. 

448. 

9d. 

178. 

lid. 1 

1 40 

1 478. 

' 65s. 

lOd. 

105 

628. 

8d. 

438. 

3d. 

198. 

5d. 

45 

478. 

j 68s. 

2d. 

1-00 

62s. 

8d. 

418. 

9d. 

2Us. 

lid. 1 

50 

478. 

708. 

6d. 

M3 

628. 

8d. 

408. 

5d. 

228. 

3d. 1 

55 

478. 

728. 

lOd. 

M6 

62s. 

8d. 

308. 

2d. 

23s. 

6d. 1 

60 

478.. 

758. 

2d. 

1*2 

628. 

8d. 

388. 

Od. 

248. 

8d. 

65 

478. 

778. 

7d. 

1-24 

628. 

8d. 

368. 

lOd. 

25s. 

lOd. 1 

70 

- 47fl. 

70s. 

lid. 

1-27 

62s. 

8d. 

358. 

lOd. 

26s. 

lOd. 1 

1 76 

47b. 

828. 

3d. 

131 

62s. 

8d. 

34s. 

lOd. 

278. 

IM. 

80 

478. 

84b. 

7d. 

1-35 

62b. 

8d. 

338. 

lOd. 

288. 

lOd. ] 

1 85 

47s. 

868. 

lid. 

1-30 

62s. 

8d. 

33s. 

Od. 

298. 

8d. 

00 

478. 

80s. 

4d. 

1-43 

628. 

8d. 

328. 

Id. 

308. 

7d. 

05 

478. 

OlB. 

8d. 

1-46 

628. 

8d. 

318. 

4d. 

31s. 

4d. 

100 

478. 

04s. 

Od. 
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percentage bonuses under these two 
systems. 

Consider two specific examples — 

Assume — 

Kate of wages . . . 47&. 

Piecework for 1 article . . 6a. 3d. 

Basis Time on Rowan system 7 hours 

Example 1. Say 10 articles completed in 
one week of 47 hours. 

(а) Piecework 

10 articles completed c« 

0s. 3d. each . . 62s. 6d. 

This gives an operator 33 per cent bonus 
on his wages. 

(б) Premium 

Basis Time for 10 articles 

= 7 X 10 . . .70 hours 

Time Taken . . .47 hours 

Time Sav(‘d . . .23 hours 

Premium 

TT X TE 
~ BT 
47 X 23 

= — huurs 

Hence wages receiv(‘d for 
47 hours . . . 47&. 

Premium wages for 15^ 

hours . . . 15s. 6d. 


Total . 62s. 6d. 


This gives a bonus of 33 per cent as bt*fore. 
Example 2. Suppose the op(*rat(n* has ex- 
perienced some hard luck and has completed 
only 8 articles in a we(‘k of 47 hours. 

(а) Piecework 

8 articles {n (ts. 3d. each . 5()s. 

This will only give a bonus of 6 per cent, 
or 38. 

(б) Premium 

Basis Time for 8 articles 

— 7x8. . .56 liours 

Time Taken . . .47 hours 

Time Saved ... 9 hours 
Premium 

TT V TS 

~ WP 

47 X 9 

. . 7i hours 


Hence wages reci*ived for 

47 hours . . 178. 

Premium wagi*s for 7 } 

hours . . .* 7s. 6d. 


Total . 548. 6d. 


This gives a bonus of 16 per cent or 78. 6d., 
whic h is 4s. 6d. more than on piecework. 

From the foregoing it will be seen 
that the Rowan system is more favour- 
able to the operator than the piece- 
work or 100 per cent premium bonus 
systems when the operator fails to 
earn the basic 33 J per cent bonus. This 
fact is clearly demonstrated in Fig. 
223. 

The Economics of Premium Systems 

One of the objections raised to any 
system of premium bonus payment is 
the sharing principle which it em- 
bodies. TIhtc is not much doubt that 
the reason for this objection is that 
employees do not understand the 
principles underlying such systems. It 
is often wondered wliy the operator 
should not be paid for all the time 
which he may save. In explanation it 
will be best to consider first an imper- 
sonal ease. I.,et it hi* assumed that a 
factory has a gas engine consuming 
20 cub. ft. of gas per indicated horse- 
power per hour, but which is under- 
loaded. If the load can be increased 
up to the point of maximum eflieiency, 
more work will be obtained from the 
engine, ri'sulting in a saving in over- 
head expenses. If this is done it can- 
not be said that the employer would 
be justified in exercising less care over 
his gas consumption, and that it would 
be immaterial if a small quantity were 
wasted. Instead the consumption 
should go down, say, to 18 cub. ft. per 
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ixidiCRted horse-power per hour, other- Whilst it would be unreasonable to 
wise approximately 10 per cent of the expect an employee to make a special 
gas will be wasted. effort for no reward, it is equally unfair 

Everyone will admit the correct- to expect the employer to do so. 
ness of this reasoning, and to give There are some who may think that 
an employee the whole of the time the employer is sufficiently rewarded 
saved is exactly the same as wasting by the decrease of overheads. Yet if 



22 i CoMi vuisoN of \^ aoi s ( osis vnd C)i hit loii Varying Pj ik tntac i Bonisi^s 
unwi I N Kowan \ni» lOO rrii ci nt Pin mo m Bum s S\sifms 


the 2 cub ft of gas per indicated this saving is to be liis onl^ rcA\ard, 
horse-power pei hour, which might and he is to kec p the amount for him- 
otherwise be saved It is simply a self, the wages cost pei article will be 
question of economies. Ceinsider a just as high as befoie and he will be 
further example No employee would unable to reduce his price on tlu 
agree that the lesse'e of a faetory should market, which will piobably result iii 
double his ground rent charges because a leiss instead ot an increase in trade 
the management was so good that the If, therefore, an increased output can 
output had been eioubled. But this is be obtained, teigether with a reduction 
exactly what the employee desires in wages costs, there being at the same 
when he considers he should exactlv time an appreciable increase in the 
double his pay if he doubles his output total earnings of the operator, there 
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should nothing td which the latter 
should object. 

As a general rule it may be taken 
that, with the pure piecework and 
lOO per cent premium bonus systems, 
onfy the non-variable portion of the 
workshop expenses, in addition to a 
portion of the cost of living bonus 
which may be operative, may be 
claimed as a saving with increased 
output. With, say, the Halsey, 
Halsey-Weir, and Rowan premium 
bonus systems, both these economies 
are effected, together with a further 
saving in direct wages. There are, 
however, many who favour the 100 per 
cent premium bonus plan, which often 
goes under the name of piecework, 
because of its apparent simplicity of 
operation and the ease with which the 
employee can calculate his wages. In 
spite of this there is much to be said 
for the other equally well-known 
forms of premium bonus systems, 
even though opinions as to the relative 
merits and demerits of each form often 
differ and are contradictory in char- 
acter. It is the author’s opinion, after 
having had direct control of both 
piecework and premium bonus systems 
and having discussed them at some 
length on innumerable occasions with 
others who have been closely associ- 
ated but not in actual control, that 
only those who have had parallel 
experience to his own can express an 
authoritative opinion. 

If, by agreement, a rate-fixer does 
not stand continuously with the 
operator to observe his time closely, 
the Halsey, Halsey-Weir, and Rowan 
premium bonus systems certainly 
have more than ever to commend 


2ai 

them because, in- the event of. a 
loose time having been inadvertently 
given, they safeguard themselves ; 
there is no such safeguard With the 
true piecework and 100 per cent 
premium bonus systems. At the same 
time this advantage is no justification 
for setting “loose” times. 

Individual or Collective System 

A system is termed “individual” 
when it refers to employees’ efforts, 
and “collective” when it applies lo 
jobs. The former applies when a 
separate basis time or piecework price 
is given for each measurable state of 
manufacture, whilst the latter applies 
when work done in different opera- 
tions and by different men is linked up 
for payment purposes. 

The merits of an individual system 
over a collective system arc worthy of 
consideration. With the former each 
operator benefits to the fullest extent 
for his own effort within the applica- 
tion of the particular system in opera- 
tion. Under such a system there will 
of course be cases where a number of 
men are working together because the 
nature of their work is such that they 
cannot work independently of each 
other, the picc(‘Work price or basis 
time having been arrived at according 
to the total sum of their individual rates 
or of their total time. As an example, 
a group of four men are required to 
produce forgings under a 2-ton stt^ani 
hammer, their respective rates being 
as follows — 

Smith . . (fH 508. per 47-hour W(‘<‘k 

Smith’s striker . @ 40s. ,, ,, 

Smith’s striker . @ 388. „ ,, 

Hammer driver . (a) 35s. ,, ,, 

Total 103s. 
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Supposing the piecework value of the 
completed work during the week 
amounts to 220s. and the men work a 
full week, the percentage balance will 
, 220— 163 

be X 100 per cent — 85 per 

168 ^ ^ 


cent. This percentage will be added 
to their base rates, the smith receiving 
50s. + 85 per cent of 50s. and so on, 
the total amount of bonus shared 
between the four men being 220 — 163 
57s. If, however, the striker at 40s. 
has only worked 45 hours during the 
week his wages, neglecting bonus, will 
45 y 40s. 

47 


be 


88s. 3d. In this 


instance the total wages of tlie four 
men for th(‘ time worked will be 161s., 
and with the total value of the work 
still standing, say, at 220s., tlie per- 

centage earned will be — X 


100 per cent — 87 per cent. Hence the 
striker who is rated at 40s. will receive 
87 per cent bonus on his time wages 
of 88s. 8d., whilst the other three 
men will receive 87 per cent on 50s., 
88s., and 85s. respectively. Such an 
arrangement does not constitute the 
collective system. 

In the collective system an operator 
may work slowly, either deliberately 
or because he is below average ability, 
yet he will receive exactly the same 
amount of bonus as the rest of his 
group, who may have to work harder 
to complete the allotted task in a given 
time. Perhaps the worst feature of the 
collective system is the fact that it is 
frequently impossible to ascertain the 
true manufacturing cost of any single 
article. The only safeguard would 
appear to be to book the actual time 


worked on that article by each oper- 
ator. This, however, is not the usual 
practice where piecework operates. 

One advantage of the individual 
system, whether it be piecework or 
premium bonus, is that job tickets are 
each complete in themselves and can 
be passed forward to the wages office 
as and when the work is completed. A 
point which should be emphasized is 
that with the piecework system it is 
necessary to revise all existing piece- 
work prices whenever the operator’s 
rate is changed. With premium bonus 
systems this step is not necessary, as 
the time allowance for a job remains 
the same irrespective of the base rate. 
lh*emium bonus systems have an 
advantage over piecework when it is 
desired to reckon up the amount of 
work on hand, as its proportions can 
be more readily estimated from figures 
representing the hours worked than 
from those show^ing the wages to be 
earned. 

Fixing of Basis Times and Piecework 
Prices 

It is most desirable that piecework 
prices and basis times should be fixed 
with a definite grade and rate of 
operator in view. For instance, a 
piecework price of Is. fixed for a 
certain job with an operator rated at 
40s. is not applicable to an operator 
rated at 60s. ; similarly with basis 
times, only to a lesser degree because 
of their being arranged on a time basis. 

There are, however, many cases 
where apprentices can advantageously 
be put on work where the original time 
was fixed for an adult operator. The 
apprentice or apprentices may work 
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with or without adult workers. The 
question arises as to how these varying 
conditions can be satisfactorily met. 
A firm may assume that an apprentice 
is equivalent to 0-5 of a man, in which 
case it must allow the former twice 
the man’s time. Other firms may 
allow additional time which is based on 
the length of apprenticeship already 
served, e.g. — 


Year 

Efficiency | 
Factor 

Basis Tune when 
adult 18 allowed 
10 hours 

Ist year 

0 5 

20 hrs. 

2nd year 

0-6 

m hrs. 

3rd year 

0*7 ! 

14 hrs. 

4 th year 

0-8 

12^ hrs. 

5th year 

0 9 

1 1 hrs. 


Consider a basis time of 100 hours 
for an adult. If the man is assisted 
throughout by a third -year apprentice 
and a fourth-year apprentice the 
efficiency factor is 1 + 0-7 + 0-8 — 
2*5, and the time required for com- 
pletion of the work will be 40 

2*5 

hours for each individual, or a total 
time of 120 hours. 

Now let us consider an example in 
which men and apprentices are work- 
ing together but for different inter- 
vals of time. We get the following 
calculation — 


1 

Grade 

Ratio 
of Hrs. 
Worked 

Effici- 

ency 

Factor 

Kquivar 

lent 

Man Hrs. 

Adult (A) . 

1 

1 30 

1 

1 0 

300 

Adult (B) . 

25 

1 0 

250 

3rd-year apprentice 

25 

0 7 

17'5 

6th-yearapprent ice 

15 

0-9 

13-5 

Totals . 

95 

- 

860 


! 




Suppose that the basis time for one 
adult working alone is 200 hours. Then 
the multiplication factor for each indi- 
„ . 200 

vidual s time - - 2*32. Accord- 

86 

ingly, the following individual basis 
times will require to be allotted in the 
circumstances mentioned. 

Adult (A) . . 30 \ 2 32 00 0 hi-b 

Adult (B) . . 25 X 2-32 5H 0 hrH 

3rd-year ai)prcntioo 25 x 2 32 = 58 0 hra. 

5th-yoarapx)ro!iti(*G 15 2 32 34 8 hra. 

Total Basw Tiino 220 4 hi a 

It is reallv a better plan to grade the 
work according to the age of an appren- 
tice and to lix the time accordingly, 
keeping apprentie(‘s only at that age 
on the work. If the ojierators are 
working under the pietH'work system 
the piecework price will be arrived at 
by applying the hourly rate of each 
operator to the number of hours 
allowed him, and adding these sums 
of money together. 

It is interesting to note that so far 
as machine work is concerned it is 
questionable whether an adult is any 
faster than an apprentice. 

Cionversion from One System to Another 

If for any reason conversion from 
one system to another is contemplated 
it is only natural that every employee 
will want to be assured that he will 
not bear any financial loss. Similarly, 
the employer will not exp(*et to pay 
out any more wages for an identical 
output. If the operators an* working 
under a premium bonus system indi- 
vidually, and not collectively, it is 
possible to have two men on identical 
work, one of whom may be earning 
35 per cent and the other 45 per cent 
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bonus. The price paid per article at 
these two percentages is, of course, 
different and, if straight piecework or 
even 100 per cent premium bonus is 
under consideration, the question 
arises as to the price to be fixed which 


Neglecting this complicated factor the 
method of application in a straight 
conversion from one system to another 
is shown in Table XVIII. The effect on 
output and earnings under each system 
is clearly shown in Fig. 224. 


TABLE XVIII 

Conversion of Premium Bonus Systems 


Proposed Conversion 


Halsey 33 J per cent system to Halsey -Weir 
system 

Halsey 33J per cent system to Rowan system 
Halsey 33 J per cent system to Plain Premium 
system 

Halsey -Weir system to Halsc^y 33 J i>er cent 
system 

Halsey -Weir system to Rowan system 
Halsey -Weir system to Plain Premium system 

Rowan system to Halsey 33J per cent system 
Rowan system to Halsey -Weir 50 per cent system 
Rowan system to Plain Premium system 


Method of Application 


Deduct J or 16*6 per cent of bsisis time 

Deduct 1 or 25 per cent of basis time 
Deduct 1 or 33 J per cent of basis time 


Add jl or 20 per cent of basis time 

Deduct or 10 per cent of basis time 
Deduct or 20 per cent of basis time 

Add i or 33^ per cent to basis time 
Add ^ or 11-1 per cent to basis time 
Deduct J or 11*1 per cent from basis time, 
assuming plain promium rate is given in terms 
of time 


will be applicable to both operators. 
If a “mean” price is decided upon, it 
is clear that one of the operators will 
receive more and the other less than 
that to which he has been accustomed. 

Prices for entirely new work will be 
fixed in exactly the same manner as 
the premium bonus times, and an 
operator will have three alternatives. 
He will either continue to work at the 
same rate as when he was working 
under the premium bonus system, in 
which case he will receive more money 
for the same output as he gave pre- 
viously ; he may conceivably work 
faster and earn appreciably more than 
hitherto; or else he may reduce his 
output to give the same earnings per 
week as he received in the past. 


Chargemen’s Premium Bonus 

Chargemen controlling a group of 
men may or may not be included in the 
basis times or piecework prices, though 
the better plan, undoubtedly, is to in- 
clude them. In either case chargemen 
should be paid the same percentage as 
the men whom they control. If it is 
desired to include their allowance in 
a piecework price, for example, it will 
require to be worked out as follows — 

Chargemaii’s allowance 

Chargeman’s base rate x (1 + normal 
allowance on time taken) 

Standard week in hours X Average 
number of men controlled 

Assume chargeman’s base rate = 60s., 
normal allowance — 33^ per dent, 
standard week == 47 hours, average 
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O lO £0 30 40 50 60 70 60 90 100 

% BALANCE 

Fig. 224. Output and Earnings irNDEK Variui h Systems ok 1’aymknt 


number of men controlled ^ 20, then PaSTtnent of Non-productive Staff 

whavc- ^ ^ ]d. per appreciated that there are 

47 X 20 ^ certain workers to whom a system of 

hr. This means that for every man payment by results cannot always be 
hour recorded during timing opera- efficiently applied. Such staff includes 
tions Id. must be added to cover the foremen, supervisors, machine setters- 
chargeman’s allowance. up, and finished work inspectors, whose 
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duties require them to organize. Under 
normal conditions their payment will 
be assessed on their value to the firm. 

As far as practicable, all manual 
workers should be placed on whatever 
system of payment by results is 



works as a whole. A workable scheme 
is to fix a minimum bonus and sub- 
sequently an additional per cent 
for every 5 per cent increase in actual 
output. It must not be overlooked, 
however, that some productive work- 
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operative in the factory. Those grades 
which are indirectly associated with 
produetive workers, as for instance 
crane drivers, slingers, furnacemen, 
and labourers, should reeeive a bonus 
based on the earnings of the group of 
men with whom they work. The seales 
should be varied according to the 
degree of the assoeiation. Sometimes 
a group of indirect workers will not 
be attached to any shop, in which case 
their scale should be based on the aver- 
age percentage of bonus earned in the 


ers will be almost entirely dependent 
upon their labourers, and in such cir- 
cumstances it is only logical that the 
latter s4iould reeeive the same per- 
centage bonus as the productive men. 
In all cases the system of payment 
should ensure complete control of the 
man hours worked by the indirect 
workers compared with those of the 
productive workers. 

Registration of Basis Times 
The system recommended for record- 
ing information respecting premium 
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bonus times or piecework prices may 
be summarized as follows — 

In the first place, the rate-fixer allot- 
ted to a certain department or shop 
will be advised that the time of a new 
job is required to be ascertained. 
If the production planning depart- 
ment has not already done so, it will 
be the foreman’s duty to stipulate the 
correct setting up of the tooling, and 
it will also be his duty to advise the 
operator that the rate-fixer will be 
carrying out a time test. With the 
time test completed in the manner 
adopted by the particular factory, i.e. 
arrived at by accurate time study or by 
a number of visits made to the opera- 
tor during the progress of the work, 
the rate-fixer should complete a basis 
time card. Fig. 225, giving detailed 
})articulars of the total time taken. 

If it is customary, as in many 
engineering factories, to take the 
overall time rather than make a 
detailed time study, the Rowan sys- 
tem would appear to have a great deal 
in its favour, inasmuch as the principle 
under which it operates, viz. the per- 
centage bonus paid being strictly 
proportional to the time taken (sec 
Fig. 222), safeguards itself in the 
event of a liberal basis time having 
been given. AVith any other premium 
or piecework system there is no safe- 
guard which is equally effective, and if 
a faulty initial basis time allowance or 
piecework price has been made this 
must stand for all time once the 
time or price has been agreed with 
the employee or employees directly 
affected. The only chance of rectifying 
the error is to endeavour to find an 
improved method of manufacture. 


thereby allowing the present method 
to fall into disuse and be cancelled. If 
the time allowed or basis time is 
approved by the operator when offered 
to him by his foreman, the latter 
should sign the basis time card and 
the rate-fixer should pass it forward 
to his superior. If finally apjiroved, 



the time should be registered in the 
appropriate basis time book, of which 
there should be three copies for every 
distinct group of operators, one copy 
being kept by the cliargernan, one by 
the rate-fixing department, and one by 
the works costs accountant. 

Certain grades will be paid on a 
weight basis and in these cases stand- 
ard weights will need to be registered 
on cards, Fig. 226, and entered in 
books. Fig. 227. Basis time books 
(or cards, if preferred) are an 
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Clock No 
Charge) 


Catalog ut 
Ident , or 
SUpNo 


Name 


Week ending 

(^hargp: ticket 


19 


( Work for one charge only\ 
to be entered on this ticket / 


Article 


Operation 


Qtv 


Group Stamp 


W ( ight 

PW Price 

P W Amount 
or Pasis Time 
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— 

- 

— 





H 

M 










- 



- 











- 




- 

— 



— 









TOTAI 

1 es8 ( harged on A/c WE 


- 

— 

» M W E 

J 01 AL (Currint week) 

Workshop Expenses 










1 



P"iu 228 Wages Ticket (Individual System) 

{Note This charge ticket is shown siutable for either piecework or premium bonus) 




Fig 229 Grolp Time Book 
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important unit in any wages system 
and it is essential that they should 
be maintained in an up-to-date, 
correct, and systematic manner. If 
spring-covered books are used, addi- 
tions, amendments, and cancellations 


can more readily be made. If the 
individual system is in operation, 
it is preferable that either a charge 
ticket (Fig. 228) or a premium card 
(see Chapter XXII) should be issued 
to the employee for each separate job 
and each separate operation. Where 
a card system is in use the operator 
should clock on and off the card at 
the commencement and finish of the 
job respectively. 


Booking of Group Time under the 
Collective ” Piecework System 

To record the movements of em- 
ployees from group to group and from 
gang to gang (transfers which of neces- 
sity arise), and to supply informa- 


tion for compiling piecework wages 
tickets, the daily time worked by each 
employee in various gangs should be 
recorded in a group time book, Fig. 
229, the time being entered daily by a 
shop clerk. The total time for each 
employee should balance with his 
wages tickets and time recording card. 
From the group time book the shop 
clerk should prepare the piecework 
wages tickets. Fig. 280 should be used 


CLOCK No.. 
NAME 


Other 

Group No«.. 


Wages brought 
forward 


Actual 

Extra for : 
Overtime 
Sunday 
Nights 


le ’ 
<fe 


RATE 


HOURS 


P.W. Balance . 

Co8t of Living Bouum 

Total for Week 
lUroup Stamp 


AMOUNT 


Total W'ages 
£ I i». I d. 


Gang No. 


Fio. 230 . Piecework Waoeh Ticket fur 
Employee (Group W^orking) 


Shop 

Group No Job No 

a. Total of Job tickets . 

„ „ Wages . 

P.W. Balance 

b. Extra for overtime 

c. Cost of Living Bonus . 

Total, a, b, and v 

Wages brought forward 

Total for week 

% deduction 

TOTAL 











— 




- - 
















('LOCK Nos. ON JOB 

Foreman 




Fig. 231 . Summary Piecework Ticket for 
Group Working 
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for each employee in the gang showing 
his rate, hours, and wages. Fig. 231 
is a summary of the work done by the 
gang, upon w^hieh ticket should be 
entered the total piecework amount. 


justified by the average balance nor- 
mally earned. A duplicate of the 
incomplete work form should be kept 
in the shop, and on completion of the 
work the amounts and dates drawn on 


INCOMPl.ETE WORK 

Piecework 

Ticket Employoo’s Clock No 


Name 
Charge to 


Piecework 

Reference 


Operation and Description of ork 


Slioj) 

E 

Allocation Code No 


Qiiantitv 


Price 


Job Coinineuced W K 
Hours occupied 


lotul Pi((c\\oik RainiiiKs 
LesH Paid on At < uiiiit 


Add ^^oIkHhop E\pi ns(s 


Anioiint 

T(»tal 


Fn. 232 Imc oMCLP I L Work 'Pk ki i 


the total wages, and the clock numbers 
of the employees engaged m the gang. 

Work not completed at the end of 
the week should be charged on account, 
the form shown in Fig. 232 being 
suitable for recording purposes. The 
amount paid on account is usually 
only equivalent to the day wages, the 
full balance being paid on completion 
of the job. In certain cases, however, 
for a large job, some bonus, say 25 per 
cent, may be paid on account if 


account on previous weeks should be 
entered on the piee(‘work charge 
ticket. 

Employee’s Work Book 

Where an employee is working 
under the individual system it is 
recommended that he should be sup- 
plied with a work book to enable him 
to book his own work and thus record 
the wages earned. The type of book 
suggested is illustrated in Fig. 283. It 




Fig 233 Employee's \\ ork Book 
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is further suggested that eacli book 
should contain information similar to 
the following — 

EMPLO’i’^E’s Work Book 
Shop Name 

Group No. Clock No. 

The use of this book is optional. It is tlu 
property of the Firm and must not be taken 
away from the premise's. It is provided for 


be “clocked off,” and when recommenced 
must be “clocked on,” this procedure being 
repeated until the job is completed. 

When from any cause anyone is delayed 
fur 30 minutes or more through the trcm- 
porary breakdown of machinery or plant, 
the premium card for the job in hand must 
be “clocked off” and a delay card, filled in 
and certifu'd by the chargeman, “clockt'd 
on.” Before recomiiu'ncing work the delay 
card must be “clocked off” and a premium 
card “clocked on.” 



The followmg 

are PIECEWORK PERCENTAGES earned and/or onlortd 
week ending 
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1 

Per cent 

1 

1 
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1 
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1 
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— 

I 

Shoj) avoragi' 


No. 

Shop 

For Woiks Aecountanf 


Fi{. 234 f*KR(ENrA<.i Bonus Iu)hm 


for 


l\'r cent 


the use of any employee who wishes to keep 
an accurat(* record of his work and wag(*s. 

Premium Boyius Cards, The following rules 
will be of assistance in keeping premium 
cards in correct order, and in calculatmg 
wages. 

Unless working with a face card (i.c*. a 
premium clocking card to which chaige 
cards, each showing work of less than hours’ 
duration, are attached) all employees must 
“clock on” as soon as they receive thc'ir 
premium card, and, when the job is finislu'd, 
“clock off.” This must b(' done to the 
nearest quarter of an hour. No premium 
card must be “chicked off” until another one 
has been received from the chargeman, which 
must be “clocked on” at the same time. If 
one job is left incomplete in order to perform 
work upon another, the incomplete job must 

2I--(B 354) 


All premium cards for finished jobs must 
be handt'd m to the charg(*man as soon as 
th(* job is limslied. 

Employees must only I'liter the time taken 
in lead pi'iicil on each premium card. In no 
circumstances must a blank premiurrl card 
b<* “clocked on,” each premium card being 
cleaily written out before the comnu'ncernent 
of t he job. 

CaUulatiruj Bonus. [Assuming, for in- 
stance, the Rowan premium system is in 
Operation.] The following explanation is 
giv^en as to tin* manner in which premium 
bonus is caleulat(*d — 

If you save J of the basis time you are 
paid time-and-a-quarter for th<' actual hours 
worked ; if you save \ of the basis time you 
are paid tinu‘-and-a-lialf for the actual hours 
workc'd, and so on. The following is an easy 
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method of calculatmfc youi* pnmiiiuii bonus : 
Multiply the Time Taken by the Time 
Saved, and divide by the Basis Tim(^ The* 
answer is your premium bonus hours. 

Gfroup Percentages 

The percentage bonus earned by 
each group should be supplied week 
by week by the accountant on a per- 
centage bonus form (Fig. 234). This 


the volume of work on hand should 
the percentage fall below normal. 

Overtime Return 

Closely allied to payment by results 
is the amount of overtime and night 
shift working which takes place. As 
these involve added expense compared 
with the ordinary day shift, it is advis- 



mformation should be transferred to a 
graph as shown in Fig. 235, those por- 
tions of the curve falling below the 
previous year’s average being shown 
dotted, and the average for each com- 
pleted quarter being registered on the 
right. It IS an nnaluable record, 
showing at a glance the trend of bonus 
earnings and also enabling a quick 
decision to be given where special 
allow^anccs are required to be made, 
e.g. attendance at works’ committee 
and similar meetings. A copy of the 
return should be passed into the shop 
concerned to enable the foreman to sec 
what is taking place in this respect and 
to enable him to make a check against 


able to excTCise a elosi* cheek by insti- 
tuting a wt‘(‘kly return giving the 
essential particulars as well as indicating 
whether the overtime is due to produc- 
tive or maintenance work. The return 
recommended is shown in Fig. 230. 

Daywork 

Whilst it is recommended that a 
system of payment by results should 
be adopted for all who are emplo}/ed 
on manual work, there arc usually a 
few" grades, e.g. storesmen and watch- 
men, w"ho cannot be brought w"ithin 
such a scheme. In these eases the base 
rate only should be paid and a day- 
work card. Fig. 237, used for recording 
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NIGHT SHIFT AND OVERTIME RETURN 


Shoj) No. ... 


Week omliiig 
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PRODUCTION “P” 1 

1 

MAINTENANCE “M” 
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No. of 
Men on 
Night 
Shift 

(Overtime worked out-side the normal shifts 
to lncrea.se outinit, exclusive c»f o\citimo 
resulting from i)art of week’s ordinary 
rostered working, or overtime under 
Section **M”) 

(Overtime nece.ssltated In nonnal times to 
enable ordinary working of the shops to be 
earned on without delay: c.g. alttuiding to 
belts, oiling machinery, sweeping up shop, 
cleaning out furnaces, etc.) 
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worked durmu j 
week on “J*” I 


'JoUilNo of 
men on o\< r- 
tiine during 
>\eek on ** P” 


1 otal lioniH 
^\orked diinitK 
1 on ” M ” 


I 

I Total .N(» of 
u'li on over- 
time dm iim 
' week on "M” 


SKfNEI) 


FiCi. 230. WKKKLy OvKiniMK Rijti fin 



Fio. 237. Kmployp:i:’s Da^vxoiik Caku 
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the time worked at the day rate. It 
will be appreciated that certain of the 
blank spaces require to be used by the 
works accountant in the calculation 
of the individual’s wages, the latter 
being done in conjunction with the 
operator’s time recording card. 


(5) To note where improvements 
may be made. 

(0) To observe that documents are 
economically used. 

(7) To turn out for correction any 
documents which are noticeably 
incomplete. 


WAGES PAYBTLL 


Shop 


t \()i k 
>iumbtr 



Name 


(2) 


Week ending 


(Iradf 

llat( 

Deductions 

National InsuraiK^t. 

1 1 m m- 

H( alth ployineiit 

Actual 

Hours 

Gross 

Amount 

Net 

Amount 

lor 

Payment 

(3) 

(4) 

('i) 1 (b) 

(7) 

j («) 

(9) 



Scrutiny of Wages Documents 

The eolh'ction and superlieial 
scrutiny in the rate-fixing oiliee of 
wages doeunu'uts, in transit to the 
wages ofliee, is recommended for the 
following reasons 

(1) To indicate liow^ documents are 
progressing. 

(2) To detect delays. 

• (3) To note that they are written 
out by autliorized clerks and not by 
ehargemen or other employees. 

(4) To note that there are no de[)ar- 
tures from the recognized system. 


(8) To turn out documents for 
allowances or other reasons. 

(9) To expedite completion of the 
pay bill by centralized control. 

(10) To give the rate-fixing office 
staff a general knowledge of the 
situation. 

Payment of Wages 

With regard to the paybill, it is 
recommended tliat it be compiled as 
show^n in Fig. 238. A \vages table, 
Fig. 239, giving information extending 
over the range of rates applicable, 
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will be uf material assistance in 
compiling the paybill. 

Actual payment of wages should 
preferably be effected in small trans- 
parent envelopes, say 4| in. x 8 in., 
in which each note and coin is clearly 
visible. If this is done and a small 
slip is included showing the amount 
payable, the employee is able to verify 
the money with the amount on the 
slip without recourse to opening the 
envelope. By this simple method, if 
the envelope has been opened, the 
employer is not held responsible for 


any alleged discrepancy between the 
amount shown on the slip and the 
actual money in the envelope. The 
slips can readily be obtained by per- 
forating and folding back a portion of 
the paybill at the time the pay sheet 
is prepared, and making a carbon copy 
of the amounts. The work of putting 
up wage packets is particularly suited 
to girls, and an efficient girl will count 
the money and put it into the pay 
envelopes at a rate approximating 300 
per hour — over a maximum period, 
say, of four hours. 



CHAPTER XX 

DRAWINGS, DRSIGN, AND INITIATION OF M4NUFACTURK 


Difference between Functional and 
Working Drawings 

Broadly speaking, this chapter covers 
the range of responsibilities of the 
chief designer. He may or may not 
control the development section, which 
in some industries is equally as im- 
portant as, if not more important than, 
the designing section. In either case 
the question will arise as to where 
development finishes and designing 
begins. Probably the best solution is 
the establishing of two distinct oHiccs 
in the evolution of any design. The 
lirst will be mainly concerned with 
calculations and performance data; 
the second with production and cus- 
tomer considerations. Development, 
therefore, involv(‘s the preparation of 
what are called functional drawings, 
whilst design involves the preparation 
of working dravMugs, WlvTcas func- 
tional drawings usuallj call for high 
technical attainments, th(‘ major re- 
quirement with working drawings is a 
considerable knowledge of workshop 
processing togethcT with an under- 
standing of the firm’s policy. In the 
design of complex products made in 
very small numbers to special re- 
quirements, the twTi otiices must fre- 
quently be telescoped into one in the 
interests of speed and economy. 

Engincciliig products wdiich it is 
proposed to place on the market in 
quantities as a standard article, such 
as lawn mowers, bicycles, and motor 


oars, require further consideration 
before mass production can be author- 
ized. Sample products need to be 
made from the actual manufacturing 
equipment which has been set up to 
produce the components in accordance 
with the wwking drawings. After- 
wards the first assembly of these 
sample components must be sub- 
mitted to suitable performance tests. 

The Drawing Office 

The outstanding importance of the 
drawing oflice in any industrial organ- 
ization scarcely needs any emphasis. 
If it is conccriu‘d with the design of 
the marketable product it may be said 
at once that the success of the enter- 
prise largely depends upon the coni- 
pctiMicv of the ti ehnical staff involved. 
If it IS (*onccrned with the design of 
jigs and fixtures, as wt*11 as any other 
equipment to be used within the 
works, the elliciency of the factory is 
greatly enhanced by capable and 
knowledgeable draughtsmen. In both 
cases it will be clear that careful 
selection of staff is essential, and 
only those who have the highest 
credentials, both in their practical 
experience and their theor(*tical attain- 
ments, should be considered. In no 
circumstanees should anyone who has 
not served a full apprenticeship or 
pupilage in the shops be considered 
for a position in the drawing office — 
that “holy of holies.” More than one 
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firm has closed down in the past 
because it has been badly served by 
its technical staff engaged in the 
drawing office. 

With larger firms the drawing office 
should, where it concerns the product, 
come under the jurisdiction of a chief 
designer or technical assistant who is 
independent of the works. In this 



Fici. 240. Buitthh Standaru First 
Angle Projection — Rklattve 
L of’ATTON or Object 


event, the works manager will act as 
a “contractor” and, though he may 
not dictate the policy so far as it 
affects tlio design, he should not 
hesitate to voice his opinion on any 
questionable point, nion^ particularly 
where he foresees a cheaper method 
of manufacture without loss of effi- 
ciency. There is much to be said for 
such a clear division of authority, as 
it leaves the works manager free to 
concentrate on the diverse problems 
with which he is daily confronted. 
Any equipment to be used within the 
works is essentially a matter for the 
plant drawing office. Accordingly, 
this office should be regarded as a 
separate entity from the office respon- 
sible for the design of the product, 


and should in all cases come imder 
the plant and machinery engineer who, 
in turn, should always be responsible 
to the works manager. 

Drawing Office Standards 

Like many other sections of a fac- 
tory, no two drawing offices appear to 
be run on identical lines. This is not 
vital, however, providing that certain 
standards are followed, and that 
certain distinctive features character- 
ize the drawings. 

Those who have worked in a drawing 
office may be accustomed to the shop 
staff advancing more criticism than 
compliments. If, in consequence, the 
former develops an attitude of in- 
difference which repels both abuse 
and helpful criticism, it can only be 
regarded as a weakness. It is, too, an 
unfortunate state of affairs if this 
results in the shop staff thinking that 
their criticism is disregarded, as much 
relevant information can come from 
no other source. 

Machine drawing has been well 
described as “the language of the 
workshop,” for by its aid it is possible 
to convey to the mind of a skilled 
craftsman clear and exact information 
as to the form and dimensions of any 
object, however complex and intricate, 
which it is desired to construct. 

The British standard practice of 
using the first angle projection, in 
which the object to be drawn comes 
between the observer and the plane 
of projection, as illustrated in Figs. 
240, 241, and 242, should be followed. 
Thus to project an end elevation look- 
ing from the left it should be drawn 
on the right of the front elevation, and 
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vice versa. If for any good reason a 
departure is made, a note stating the 
direction in which the view is obtained 
should be included. It is, however, 
outstandingly important that all the 
views must be so placed orthographic- 
ally as to be projected the one from the 
other so that their mutual connection 
can be readily traced. In addition to 
plans and elevations, sectional views 
must be included wherever necessary 
to ensure clarity. With sectional views 
“section” lines, drawn at an angle of 
45°, must be inserted, their spacing 
being dependent on the nature of the 
object being drawn. 

General Characteristics of Drawings 

All drawings must be accurate, and 
since accuracy cannot be obtained 
without neatness, they must also be 
neat. Centre lines form an integral 
part of each view included in the 
drawing, and should therefore be 
drawn with great accuracy so as to 
be perfectly straight and square. In 
laying down the centre lines some care 
and judgment are necessary to arrang<‘ 
them so that the spacing between 
adjacent views may be reasonably 
uniform, resulting in a well-balanced 
drawing. Wherever possible the draw- 
ing of an object should be made the 
same size as the object itself. 

Clear dimensioning is a first duty, 
many working drawings, otherwise 
excellent, being spoiled by poor and 
badly arranged dimensions. These 
must always indicate- the full size of 
the object when constructed, no matter 
what may be the scale of the drawing. 
The be.st position should be found for 
each dimension in order to avoid 


possible confusion, and whilst the 
drawing must be fully dimensioned, 
so that no measurement of the drawing 
or any enleulation is required, no 
dimension should be repeated on a 



Pkj. 241. Bjia(’ket in thk Fikht Anulk 

PlU UKCTEl) ON TO THE TWO PHINC'IPAL 

Planks and on to an Aoxiliauv F^lank 
MUT l ally PkI11*KN1>1('ITLAH to thkm 



Fia. 242. llKLATivK I^isitions of Views 
COHHKSFONDINO TO THK OUTHOailAPHIO 
PllOJKt'TIONH IN Flu. 241 


second view. Diameters should be 
given on a circle rather than on an 
elevation, and they should be stated 
in preference to radii. There should 
be no repetition of any dimension 
in different views. Surfaces to be 
machined should always be clearly 
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indicated. Such notes as “This dimen- 
sion is important,” “Easy fit,” etc., 
are altogether out of place on a draw- 
ing. What is “easy” to the touch of 
one operator is “tight” to another; 
the correct procedure is to quote the 
required tolerance, making it always 
as great and not as small as the work 
will allow. 

The scale, title, and drawing num- 
ber should be placed in standard 
positi(^ns, preferably in that order, 
to the left, centre, and right of the 
drawing respectively, an inch above the 
bottom border line. Plain stencilling is 
much the best method of ensuring 
uniformity with such information. 

A good working drawing leaves 
nothing of vital importance to the 
imagination of the craftsman working 
from it. It is, therefore, necessary to 
include such explanatory notes and 
instructions on the drawing as will 
enable the desired result to be 
achieved. 

Specifications and Codes 

The question of identifying a detail 
on a drawing requires most eareful 
consideration. In the ease of com- 
posite drawings the simplest method, 
perhaps, is to give eaeli detail a mark 
number in th(‘ form of a vulgar frac- 
tion in which the numerator is the 
distinctive number of the particular 
part, and the denominator is the actual 
drawing number, e.g. 2 A 8 ^^wld be 
detail No. 1 on drawing No. 2468, 
and 2 would be detail No. 2 on 
the same drawing. The mark number 
may be placed in a circle of one inch 
diameter, this arrangement giving it 
emphasis. This practice is not to be 


confused with the allocation of a 
manufacturing identification number, 
to which reference is made in con- 
nection with production planning, 
Chapter XXIT. 

Where the unit drawing system is 
adopted the necessity for codes is in- 
creased, and these may consist of 
letters or numbers, or a combination 
of letters and numbers. The fact that 
codes are necessary makes their selec- 
tion of great importance, as subse- 
qiK^nt modifications can be seriously 
confusing. This is particularly so witli 
components when the special tools 
necessary for their production bear 
the component code. 

As materials have left the simple 
stage of brass, mild steel or east iron, 
material specifications have had to be 
coded, large numbers of which have 
been covered by the British Standards 
Institution. Also, with the advance 
in interchangeability of components 
and the consequent transition from fit- 
ting and erecting operations to those 
of assembly, the making of sub- 
assemblies, or assembly units, has 
been encouraged, these comprising 
only a portion of the final product, 
and requiring yet another code. These 
codes, initiated in the drawing office, 
will affect a whole series of subsequent 
records and activities involving the 
production planning, tool design, and 
progress departments, as well as the 
raw and finished material stores and 
tool stores. 

A more outstanding complication 
arises when the design for a component 
is changed after being coded. The 
only clear method in such cases is to 
allot a new code, and to see that the 



DRAWINGS, DESIGN, AND INITIATION OF MANUFACTURE 
changed code appears on every record I I 


concerned. Where drawings arc being 
sent out for the approval of the cus- 
tomer it is suggested that the use of 
a form such as is shown in Fig. 243 
will be helpful. In all eases the work- 
ing drawing and supplementary 
records (in the form of manufacturing 
instructions) should incorporate the 
greatest help to all departments con- 
eerried, and thus make the inaximum 
eontribution to the management 
function. 

Unit Drawings versus Composite 
Drawings 

The modern drawing ofiiee recog- 
nizes that an important function is to 
facilitate production in accordance 
with the desired requirements. The 
working drawing is indeed the advance 
guard of production management and 
has been developed to a high state of 
efficiency. It consequently requires 
drauglitsmen ^ho are conversant with 
the latest shop practices as well as the 
plant available. The advent of quan- 
tity production for stock and th(* need 
for spare parts has popularized th(‘ 
adoption of the unit drawing, which 
deals with one component only. Th(‘ 
advantages and disadvantages of the 
unit drawing compared with the com- 
posite drawing may be summed up as 
shown on page 304. 

It will be seen that the disadvan- 
tages of the unit system arc not great, 
whereas the advantages are consider- 
able. If this system is decided upon 
there are three points which cannot be 
stressed too strongly — 

(1) It is important that high and 
low limits be given on all drawings. 



Fig 243. Record of Drawings for Approval 
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Type of 

Drawing Advantages 

'Manufacturing Hpecifications can more 
easily be drawn up arid allied com- 
ponents arranged in strict numerical 
order, which is highly desirable. 


Coniposite 


1 A bettor appreciation is givc'n of finished 
work requirements. 


Drawing sizes can be limited, say six in 
all, and thus the drawing can Ije c*on- 
veniently stored if mountf'd on rollers. 


'Oan be easily read, since only one item 
is shown and any asp(i(;t of manufacture 
is at once appar'cnt. 


Ur.it 


Each operator is alrle to proceed with the 
individual item with which he is con- 
<*erned, which is a definite advantage 
from the manufacturing ]>oint of view. 

In conjun(5tion with produtdion planning 
the .drawings cair bo considererl, 
handled, issue<l, and routed in the 
works as dictated by the method of 
prt)(luction d(‘cided upon. 

I)at<' of comnu'ncemont of work can be 
(Mint rolled with certainty if drawings 
of d(‘tails are of unit type. 

'^riie design of jigs, tools, blocks and dies 
IS facilitated Ix'fore the jirochiction of 
details is commenced. 

They are more readily prepared and, 
v\h(Mi necessary, airuMuled in the dnw- 
ing ollice. 


Disadvantages 

When only one drawing is issued, some 
inconvenionco is caused if more them one 
operator requires the same drawing at 
the same time. Records may show that 
in some cases drawings will be trans- 
ferred from shop to shop as many as 
throe times in one day. 

►Several components on one drawing tend 
to confuse, and many notes which would 
be helpful are of necessity omitted in 
order to avoid a mass of detail. 

Such operations as forging and fabrication 
may be didayed due to items for pattern - 
making being included on the one 
drawing. 

The draughtsmen’s work is increased. 

M''here is an incrtuiscd number of copies for 
storage and a conseiiuent extension of 
records. 

Drawings are likely to bo small, causing 
copies to be mislaid. The smallest sizes 
may not lend themselves to rollers or 
slicks, and if made larger than necessary 
will result in much wasted material. 

Additional responsibility is thrown upon 
the draughtsman with regard to indi- 
cating machined surfaces, etc., and the 
very closest co-operation between the 
drawing office and the workshops is 
roquiiMMl. 

Jic'fi'remM' to general arrangement and 
sub-ass(*nibly arrangements is necessary 
in order to ascertain the relationship of 
any one‘ component to another. 

Necessity for assembly lists and other 
information t(^ Ix’i provided. 


(2) It is (‘ssfiitinl that arrangement 
drawings be issued simultaneously 
with the first detail drawings, a pro- 
eedure whieli should be insisted upon 
by the works. 

(3) The unit system involves careful 
})reliminary study and a comprehen- 
sive survey should be taken so far as 
the adoption of codes is eoncerned, 
(‘specially where gauges, jigs, and tools 
are identified in aceordanee therewith. 

With regard to (1) the designer often 
tends to specify closer inanufaeturing 


limits than those strictly re(|uired for 
correct performance of the product. 
For instance, a drawing may carry a 
general note to the effect that all 
dimensions, unless otherwise noted, 
are to be made within plus or minus 
0*002 in. A 2-in. fillet joining two 
surfaces, and which has no other 
function and does not touch any other 
surface, may thus be required by an 
inspector to be made to exactly 
2 ^ 0*002 in., although 2 ^ J in. 
would make no difference in the 
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strength or utility of the part. To 
meet the requirements of the drawing 
may necessitate hours of machine 
time on each piece made and thus 
seriously hamper production. Such a 
procedure always increases the manu- 
facturing cost and the manufacturing 
department, which naturally advo- 
cates the largest possible tolerances, is 
often given an unnecessarily heavy if 
not an impossible task. 

Size o! Drawings 

For the sake of uniformity in the 
drawing office, as well as in the works, 
it is desirable that drawings should be 
kept to definite sizes, perhaps six 
sufficing, as for example, 18 in. s 
12 in., 24 in. X 18 in., 10 in. > 27 in., 
40 in. X 30 in., 60 in. X 40 in., and 
72 in. X 40 in. Exeluding the first two, 
which can be made up into books, 
these sizes will permit of standard six- 
drawer cabinets being provided, each 
with drawers of five inches depth, and 
will permit of at least 100 drawings 
per drawer being accommodated when 
lying flat. 

Reproduction of Drawings 

There are several methods of repro- 
duction adopted but, in order of merit, 
the three principal ones may be stated 
to be (1) true-to- scale, (2) ferro- 
prussiate, and (3) dye line. The 
essential features of these three 
methods will be described. 

True-io-scdlc. By this method black 
and white prints are obtained from 
tracings without bringing the paper 
into contact with any moisture. The 
prints are produced first of all by 
coating a piece of zinc, or a Chalfont 
table (which is a table with an un- 


broken piece of lino covering it), with 
a composition which consists of gela- 
tine and various ferrous salts. The 
composition is melted down in a water 
jacket tin and not allowed to exeec'd 
120^ F. It is then poured on to the 
zinc sheet or the Clialfont tabk^ and 
allowed to set, which usually takes 
about ten minutes in a tem})eratnre of 
about 65° F. 

Next a ferro-prussiate print is ob- 
tained, on sj)eeially })re])ared f(‘rro 
paper, whieJi print should be slightly 
over-exposed. To obtain this the 
tracing is placed in a cylinder or 
jmnting machine with a pi(‘e(‘ of ferro 
paper on the ba(*k and exposed to a 
strong light for a few seconds. Th(‘ 
print is tiien rubbed down on to the 
g(‘latin<* and left for a short time, great 
care being tak(‘n that there are no 
airb(‘lls between print and eomi)osi- 
tion. It is next rolled over by a roller 
charged with greasy printers’ ink, th(* 
ink adhering to the composition where 
there are any liiu^s and resisting else- 
where, because the strong light in the 
printing machine, in j)assing through 
the tracing, kills the iron in tlu* paper, 
and the ink r(‘sists tliat part only. 
After ascertaining tlmt the lin(‘s are 
well idled with ink by rolling, tlie 
prints are taken off by rubbing a piece 
of white paper on to the composition. 
The number of prints which can be 
obtained bcibn* tlie gelatine has to be 
remelted varies from 15 to 50, but the 
eompositioii must be inked in before* 
each print is taken off. There is no 
distortion of the print with true-to- 
seale printing. 

Ferro-prussiaic. Ferro-prussiate 
prints arc obtained by placing the 
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tracing in the printing machine with a 
piece of ferro paper on the back, 
exposing to a strong light for a few 
seconds, and then washing in running 
water till the lines are white and the 
ground blue. The prints are then hung 
up to dry. 

Dye Line. These prints are obtained 
in the same way as ferro-prussiate, 
then developed either in a special 
developing machine or rubbed over the 
surface with a wad of cotton wool 
dipped in the developer. If the ex- 
posure is correct, the print will appear 
in a few seconds. 

If the drawings are intended to be 
of a permanent character, they should 
preferably be mounted on linen. In a 
large firm it will prove economical to 
keep a full-time staff engp,ged on 
reproduction work. In other eases, the 
services of a local photographic firm 
which specializes in reproduction work 
should be called upon as required. 

Points in Design 

Before leaving the question of draw- 
ing ollice procedure some outstanding 
features regarding everyday design 
will be worthy of inclusion. 

Accessibility to those details which 
are likely to require repairs is impor- 
tant. Hand work, which is always 
costly by comparison with machine 
work, should be eliminated wherever 
possible. The instruction “To be 
marked off in position” should be 
especially avoided unless it is really 
necessary, as this often means extra 
work and, of course, adversely affects 
interchangeability. Lack of adequate 
room for a spanner-hold is not infre- 
quent — a quarter of an inch too much 


is far more acceptable than an eighth 
of an inch too little. Drilling is worthy 
of attention. Variations in diameter 
should be kept down to a reasonable 
number, and in designing studs and 
screws sixteenths of an inch should not 
be used above half an inch diameter. 
The drilling of long holes and blind 
tapped holes absorbs a lot of time, and 
therefore costs money. The inclusion 
of taper pins should not be overdone. 
Without doubt a well-fitted taper pin 
is a good job, but very often it is a 
better job than is required. One has 
only to analyse the fitter’s time to find 
that a taper pin can be several times 
as costly as a screw or bolt. Where 
changes in sciclion occur there should 
always be as large a radius as is 
practicable, otherwise fractures can be 
expected. 

Suggested alterations to design, from 
whatever source they may emanate, 
should not be adopted if the cost is 
increased without a corresponding 
improvement in efficiency. For in- 
stance, it is unsound to fit needle roller 
bearings if plain bearings are adequate, 
or to use a special alloy steel instead of 
a malleable casting, or to introduce a 
complicated casting instead of a simple 
fabricated component. It is, of course, 
essential that the objections raised to 
such -a course are always logically 
sound. 

Alterations to a drawing should be 
clearly shown, and their nature briefly 
referred to, together with the date of 
alteration, in a column previously 
provided for the purpose. Alter- 
natively a new drawing, with a new 
number, should be issued. 

The recalling of a drawing for 
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alteration after its liaving once been 
issued is generally a eostly business 
and has nothing in its favour. The 
inconvenience in the production plan- 
ning olhee is considerable because it 
means the cancellation of operation 
sheets, material requisitions and wages 
tickets which have already been issued, 
and a fresh start being made. In the 
works it may mean the cancellation of 
jigs and tools, and the scrapping of a 
number of expensive eomponenls with 
no compensation. 

The Works Drawing Stores 

Although the drawing store's is not 
so prominent as some sections of the 
works it is one wliieli will cause endless 
trouble if it is not placed on a sound 
footing. 

One full-time drawing storekeeper 
for dealing with shop drawings should 
fully meet the requirements of a large 
works. His principal duties will be: 

(1) to maintain a register of all ikwv 
shop drawings issued in the w'orks, 

(2) to arrange for shop drawings to be 
mounted and maintaiiu'd in good 
condition, (3) to ensure that each shop 
concerned is notified when a new 
drawing is issued, or wiieii one has been 
altered, and (4) to keep a record of the 
whereabouts of every sliop drawing. 

The first-mentioned is best done bv 
the use of a foolscap ])ook in wdiicli the 
drawings are entered in numerical 
order and the title stated. With regard 
to the second, unless there are very 
good reasons for arranging otherwise, 
there should be only one shop copy 
issued of any drawing. If it is to be 
in use for any length of time it should 
be a linen copy mounted at the left- 


hand side on a stick which is, say, of 
1 in. diameter and (> in. longer than 
the width of the drawing, on which 
projection a ‘"flat” is made for inser- 
tion of the drawing number. A Hat 
stick, the width of the drawling and of, 
say, 1 in. \ g in. section, fixed to the 
right-hand side of the drawing, with a 
short tape tied to the middle' of the 
stick, will permit of the drawing lieing 
kept in a satisfactory rolled-up con- 
dition. This is an effeeli\(‘ method of 
mounting which can be carried out by an 
apprentice' at a eeist of a few j)ene(' per 
draw ing,and isiele'all) eeone)micaI so far 
as storage re)e)m is eeuieeriu'd, whetlu'r 
in the elrawing steires e)r eai racks pro- 
vided at certain points in the' shops. 

For the purpe)se‘ e>f the* third duty, 
tJu pre)duetie)n ])lanning ollicc' should 
issue sullieient ee)pies of the' form shown 
in Fig. 2tl te) ])re)vide erne* for e^aeh 
oHice' and shop eonce nu'el, as well as 
two aelelitie)nal eeipies. One* of these 
latte'r she)uld be sigiu'd by the W'orks 
manager and returned to the* drawing 
odice, thus acknowledging that the 
drawing has been rereived in the* 
weirks. The* oilier ceipy shemid be 
taken l)\ the* drawing store'kee'juT to 
each shop anel he will olitain a signa- 
ture on this eeipy from a responsible* 
peTsem when he hands over their own 
e*e)pv e>f the* feirm. The drawing steire*- 
ke eper shoulel e v^e ntually file his copy, 
which shoulel ineiude a signature fremi 
ev^eTV sectiem e'emeeTued in the works. 

The* fourth eluty can best be 
achiev^e*d by a card index system, one 
card being used for each drawing. A 
sample of the card re'quired is illus- 
trated in Fig. 245, the reverse side 
being printexl similarly, except that 
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the heading is not repeated. It will be 
seen that an appropriate entry is made 
every time the drawing is borrowed. 
The shop drawing requisition, of which 
a sample is shown in Fig. 246, should 
be filed with the card by means of a 
slip-on fastener. 

If a second requisition is presented 
for the same drawing by another 
shop, the first requisition should 


be handed by the drawing store- 
keeper to the second shop’s repre- 
sentative, whieli will represent the 
latter’s authority for obtaining the 
drawing from the shop already in 
possession. The seeond shop’s requi- 
sition should now be filed with the 
index card. In the event of the first 
shop not releasing the drawing as 
anticipated, the first requisition should 
be returned to the drawing stores and 
the seeond one reclaimed. When a 
drawing is returned to the stores, the 


requisition should be stamped “Can- 
celled” and handed back to the shop 
representative. The whole system is 
extremely simple in operation, and at 
the same time thoroughly efficient. 

Initiation of Manufacture 

Apart from the initial order, an 
example of whieh is given in Chapter 
XXII, Fig. 265, manufacturing instruc- 
tions usually take the 
form of particularized 
instructions regard- 
ing aspects of produc- 
tion not made suffi- 
ciently explicit by 
the working draw- 
ings or other records 
issued by the drawing 
office. Manufacturing 
instructions may be 
wholly in terms of 
the customer’s speci- 
fication, requiring in- 
terpretation in the 
form of working 
drawings, etc., by the drawing office, 
or alternatively they may be quantity 
authorizations for production to 
designs and specifications evolved by 
the development department and 
completed by the drawing oflice, 
Maiiufaeturing instructions are a 
convetiient channel for conveying to 
processing departments instructions 
that are either too general to be effec- 
tive on a drawing or assembly list, or 
would not be sufficiently emphasized 
if circulated in that way. 


REQUISITION FOR DRAWING 

Date 

To Drawing Store kkepkk 
PloaHO Ihhug to Hearer 

Drawing No. 

Title 

(SiKiiod) 

Fig 24H Shop Drawing Hlqlisition 
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Use of Estimates 

Estimating is generally carried out 
for either of two quite different 
reasons. In the one case it is done to 
provide a basis when tendering for 
work which differs from work per- 
formed previously, or for similar work 
previously manufaetured differently; 
in the other it is done to prepare 
information which will indicate to the 
directorate whether or not a proposed 
reorganization or extension scheme 
within the factory is likely to prove 
financially and economically sound. 

Estimating is unquestionably tlic 
work of a specialist, as neither practical 
skill in defining operations, nor the 
manner in which available data can be 
applied, is a substitute for a natural 
ability to read drawings and to assess 
a value for the material and labour 
involved. Success m this department 
may be the key to the success of the 
business as a whole. It is suggested 
that in the average factory where the 
total staff is in the thousands the 
works estimating oflice will require for 
its successful running a staff compris- 
ing either two or three intelligent 
technicians and one clerk. 

The estimating office is an essential 
part of the works organization and, if 
the policy is sound the technicians, 
who should have at least completed a 
full apprenticeship in the works, will 
be in almost daily contact with the 
drawing office, the purchasing depart- 
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ment, the shop supervisory staff, and 
the rate-fixers, thus ensuring the 
closest co-operation and the most 
economical manufacturing cost or lay- 
out. It is not improbable that their 
duties will also require them to esti- 
mate deliveiy conditions, including 
penalties tor late delivery, as well as 
to allow for contingencies due to 
defective work and inspi'ction require- 
ments of the eustomer, and to over- 
time and night shift working. Insur- 
ance premiums and terms of payment 
are further items which will affect the 
ultimate ))riee to be quoted. Gencrall> 
the actual costs of previous work, when 
comiiared with the manufacturing 
estimate, will provide a basis for 
appljmg a suitable percentage to the 
works or departmental cost, according 
to the nature of the liability. 

Preparation of Manufacturing Estimates 

The preparation of a manufacturing 
estimate will proceed along one of two 
channels after the drawings have been 
scrutinized. 

(1) By the extraction from existing 
records of items which have been dealt 
with under previous manufacturing 
estimates, or which arc covered by the 
stores department stock. In the latter 
case, actual costs should be available 
from the accountant by reference to 
his cost record of stock items manu- 
factured in the works. A card record 
(Fig. 247) printed on both sides is 
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recommended for this purpose. The 
remaining details required, and as- 
sembly operations which may be 
necessary, will then be estimated and 
set out on the appropriate forms. 

(2) For items which are not avail- 
able the estimating ollice will require 
to build up the complete estimate. In 
conjunction with the production plan- 
ning staff they should decide on the 
shops which they consider are the 
most favourably equipped for the par- 
ticular work to be done, and should 
ascertain the grades of operators con- 
cerned and the sequeiUH^ of e\ery 
operation involved, and, from the 
rate-fixers if necessary, tlie anticipated 
basis time or pi(*eework rates to be 
paid for such grades and operations. 
This detailed procedure has the added 
advantage of verifying at the outset 
that every requirement can be met by 
the plant and equipnuMit available, or 
alternatively that some details or work 
will require to be sub-eontraeted on 
other manufacturers. 

It will be helpful to consider some 
examples in detail. 

Example No, 1. It is required to 
estimate for the manufaetun* of 1000 
double-ended spanners of the type 
shown in Fig. 248. A leehnieian should 
calculate the rough and finished 
weights and submit the whole of the 
information which he has obtained to 
the works costs accountant on a 
Material and Operation Schedule 
form. Fig. 249. The average number of 
operations per detail will probably 
only be from six to eight ; if more, it 
will necessitate additional sheets to 
compile the estimate. The works costs 
accountant should then convert the 


information supplied to him into 
£ s. d. and submit the completed 
estimate on a Manufacturing Costs 
Schedule form, Fig. 2.50. These sample 
forms provide considerable relevant 
information and should be closely 
studied by all who are required to 
furnish manufacturing estimates. 

Example No. 2. It is required to 
estimate for the manufacture of GOO 
1?, in. brass stop valves of the type 
shown m Fig. 251. The calculations 
involved in obtaining the weight of 
material required are shown in Figs. 
252 and 253. The quantity of machin- 
ings is a>certained by taking a per- 
centage of the iinished weight accord- 
ing to the design of the detail con- 
cerned (in this case 40 per eenl). So 
far as th(‘ runners are concerned 
expen(*n(*(‘ may reveal that with this 
class of w^ork the weight of runners per 
moulding plat(‘ vari(‘s between 4 and 
0 lb. In this case ther(‘fore 5 lb. per 
plate for the body or plug has been 
assum(‘d. 

The nexl stage is to prepare, as in 
the pre\ lous example, t he Material and 
Operation Schedule, Fig. 25 1, and for 
the w^orks costs accountant to use this 
in preparing his Manufacturing Costs 
Schedule, Fig. 255. Separate forms 
will be required for ea(‘h detail, the 
exampl(‘s given (Figs. 254 and 255) 
referring only to the body. When all 
the forms are comjiletc a summary of 
the estimated cost, Fig. 25G, should be 
compiled. 

Whilst the for(*going are only 
straightforw^ard examples, they typify 
the exact procedure to be followed in 
work of a more involved character, 
the only difference being that more 



MANUFACTURING COSTS 
MATERIAL AND OPERATION SCHEDULE 


Detail 1 in. x 1 J in. Double-emled JSpanner 
For General Use 

Order No. 1340 

Economical Manufacturing Quantity ; 100, 


Date 2nd January , 1940 
Mark No. 1 11368 Estimate No. 326 

Drg. No. 1368 
Catalogue No. 1615006 

Anticipated Ordering Quantity : 1000, 
Matekial 



Description 

Spec, and 
Grade 

Ler 

Ordered 

Lgth 

Per Detail 

Catalogue 

No. 

A 

B 

C 

Steel Bar, 2 in, dia. 

BSS 5005110 1 

Commercial 

9 in. 

1318850 


Weights 



Rough ^ 

1 

\ Scrap 

Net 

1 

Machinings 

Finished 

Per 


Bloom 1 

Runners 

A 

B 

C 

0. Q. Lb. 
- 8 

C. Q. Lb. 
- - 3i 

C. Q. Lb. 

C. Q. Lb. 

- - 

C. Q. Lb. 

i 

C. Q. Lb. 

- - 4 

Each 


Operations 


Op. 

No. 

Operations in Detail 

Shop an<l Group | 

Ident. No. 

P.W.P. 

Per 

1 

Setting Die Blocks 

Forge {5 

1500 

s, d, 

0 0 

100 

2 

Drop Stamping .... 

Forge(5 

1070 

4 

Each 

3 

Dressing , , . . 

Fitt%ngl20 

2123 

3 

Each 

4 

Hardening, .... 

Heat treatmeiit 

7231 

1 

Each 


Operations which are Not a Direct Charge Nil 


Machines and Labour 


Op. 
N(.. 1 

Type of Machine 

Grade of Labour 

Base 

Rate 

Bonus % 
Earned 



( Drop Stamper 

568. 

42 

/ 

30 cwt. Drop Hammer 

{ Fumaceman . 

46s, 

42 


[Hammer Driver 

44s, 

42 



(Drop Stamper 

56s, 

42 

2 

30 cwt. Drop Hammer 

1 Fumaceman . 

46s, 

42 



[Hammer Drive t 

44s, 

42 



Apprentice 

21s, 

35 



Tool Hardener 

528, 

37 


( Available 

Tooling Equipinont | 

I Required Drop Stamp Die Blocks at estimated cost of £10 
Workshop Expenses for period September, 1939 to be used for this Estimate. 

Fio. 249. Material and Operation Schedule Form fob Double-ended Spanner 



MANUPACTURINQ COSTS 
COST SCHEDULE 





Date 

3rd January j 1940 

Detail 

1 in. X IJ in. Double-end^d Spanner 

Mark No. 

111368 

Estimate No. 326 

For .. 

General Use 

Drg. No. 

1308 



Order No. 1340 Catalogue No. 1615006 

Economical Manufacturing Quantif y : 100. Anticipated Ordering Quantity ; 1000, 

Vabiable Cost 
(1) Material 



Description 

Rougli Wt. 
(\ Q. Ll>. 

Rate 
per ton 

Cost per 100 
£ s. d. 

A 

Steel Bar^ 2 in. dia 

8 

Si 10 10s. 

3 15 0 

B 


each 



C 





Cred 

lit for Recovered Scrap -- 





Bloom 


as 

9 4 .5 


Machirtings 


£2 lOs. 

7 1‘5 


Cost Each 
£ $. d. 


90 


VI 

01 


NE'l MiTKRFAL COST 


(2) Wages 


Op. 

No. 

Operation 

P.W.P. 

\\T 

J 

Setting Die Blocks 

Gs. 

100 Spanners 

2 

Drop Stamping 

4d. 

Spanner 

3 

Dressing .... 

3d. 

do. 

4 

Hardening 

Id. 

do. 


Kate of 
Opprutor 


5Gs,^ 4Gii., 4 4 St. 
56’«., Uh. 
21 ». 
sag. 


WorkHhop 
FApenso 
% Ap]>lic- 
al.li* 


V. 


N.V. 


7.5 iir> 

7.5 26 

10 :io 

20 JO 


'I'oTAL Wages (‘omt 


(3) Overhead Charges 

(a) Workshop Ex peases (Vuria)»Ic I’niportioii) . 
ib) Incidental (’liurgea ( Do. ) - 

(c) Add Workmen's Insurance and Coinpcii.satioii 


(V) Total Vauiahlk Cost 


Non-vabiable Cost 
(4) Overhead charges 

(d) Workshop Expenses (N.V. Proportion) 

(e) Incidental Charges ( Do. ) . 
(/) Works Superintendence Charges 


(N) Total NoN-vARiAUi.E Cost . 


Total Works cost (V + N) 


3 4 60 

17 

H 0 0 

0’7 

1 13 4 0 

4 0 

1 5 0 0 

30 

H 40 

10 

3 12 SO 

87 

1 13 80 

40 

II U'G 

14 

2 fi 5 

0 3 

9 5 21 

1 101 

19 10 0 

2 4 

3 1V2 

0‘5 

5 5'4 

07 

1 9 2 6 

3‘6 

10 14 4’7 

2 77 


(5) Add: (a) Percentage Allowance for 

(b) Do. 

(c) Do. 


SeUing CosUt S% . 

Carriage, say lUO miles (w> per ton 


(6) Total Cost Excluding Profit . 
Add £0 per cent for Profit 


(7) OvERAXL Cost 


10 8-6 

7 V7 0‘9 

11 12 3 0 2 3’9 

2 6 3-4 50 

U3 18 8-4 2 9-6 


Material Rates and Workshop ExponHCs for Poi-kkI sSeptemhrVy 1030 used for < 

Estimated Expenditure on Dies, otc. Drop Stomp Die Blocha, UlO 

Fio. 260. Makufaotubino Costs Schedule Foam fob Double-ended Spanner 




Fig. 251. l|iv. Br4Ss Stop Va.lve 
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ESTIMATE No. 105 
li in. Stop Cock. Material: Brass 
Estimated W?:iohts for Pokfosk of Compilino Estimate 
Body {Finished Weight) 

Assume volume of square equals volume of port. 

Volume Two hollow cylmflers. One 2\ in. outside dia., in. inside dia., and 3 in. long; 

and one in. outside dia., in. inside dia., and 3J in. long; leas the area of 
the two porta (i.e. two rectangular sections ] J in. \ J in. x J in. thick). 

(3-976 sq. in. - 2-761 sq. in.) 3 in. I (3-547 sq. in. -- 1-918 sq. in.) 3} in. 

•’ 2(1J in. X I in. x { in.) 

= 3-645 + 5-702 - 0-765 - 8-582 cub. in. 

Weight = 8-582 cub. in. x 0-3 lb. (Note: 1 cub. in. of brass weighs 0-3 lb.) 

2-575 lb. - 2 Ut. U oz. 


Plug (Finished Weight) 

Volume ' - Cylinder of diameter equal to mean dia. of fruhtrum of cone, i.e. If in. dia. multiplied 
by length, i.e. 2f in. 

- (Area of circle 1 J in. dia.) ■ 2\ in. - 2 sq. in. » 2j in. 4^ cub. in. 

Weight - 4-5 > 0*3 lb. = 1-3511). ^ 11b. oz. 

Washer (Finished Weight) 

Volume — Cylinder IJ in. dia., I in. long. 

- 1-767 sq. in. y in. - 0-442 cub. in 
Weight -= 0-442 x 0-3 v 16 oz. - 21 oz. 

Nat (Finished Weight) 

Volume * Hollow cylinder IJ in. outside dia., J m. inside dia., { in. long. 

— (1-227 sq. in. - 0-307 sq. in.) > 0-625 in. 0-575 cub. in. 

Weight — 0-575 x 0-3 ‘ lOoz. - 2‘70 oz. 

(Note: After ascertaining the finished weight it is iHM-cssary to calculati' thi- weight of runners and 
niaehinings. In this instance a knowh'dge of the usual allowaiK-es for tin* particular class of article 
has been assumed. Sometimes, however, a more detailed (-alculation will Im* necessary.) 

EjO. 252. (UUMILATION OF WEIGHT OF IJlN. llUASS STOP VaLVE 


ESTIMATE No. 105 

Summary of Estimated Weights for Perpose of Compiling Estimate 


Ji lu. Stop (\)ck. Material : Brass 



Finished 

Weight 

Each 

Per 20 Stop Cocks 

No. f)f 

Per 20 Stoj) Cocks 

Detail 

Finislied 

Weight 

Macliinings 

Weight 

N<-t ! 
Weight 
(B -i C) ! 

Patterns 

yier 

Plate 

liunners 

Weight 

1 

Rough 
Weight 
(D + F) 


(A) 

lb. oz. 

(B) 

lb. oz. 

((’) 

lb. oz. 

(•■>) 

lb. oz. 

(E) 

(K) 

lb. oz. 

(<!) 

lb. oz. 

Body 

2 9 

51 4 

20 8 

71 12 

4 

25 0 

96 12 

Plug . 

1 5-5 

26 14 

10 12 

37 JO 

6 

25 0 

62 10 

Washer . 

2-1 

2 10 

17 

3 11 

24 

2 8 

6 3 

Nut 

2-76 

3 7 

5-5 

3 12-5 



3 12-5 


Fig. 253. Weight Summary of Details for IJ in. Brass Stop Valve 



manufacturing costs 

MATERIAL AND OPERATION SCHEDULE 


Detail... Body 
For H in. Stop Cock 
Order No. 1212 

Economical Manufacturing Quantity : 20. 


Date 2nd Jcmuary, 1940 
Mark No. IjlSSl Estimate No. 105 
Drg. No. BI1331 
Catalogue No. 8154131 
Anticipated Ordering Quantity : 600. 


Mateutai. 



Description j 

Spec, and Grade 

Length 

Catalogue 


Ordered 

Per Detail 

No. 

A 

B 

0 

Brass Alloy A. 1 

C'u = 87%. Zn = 2% j 
Sn 9%. Pb-^2% 


— 

— 


Weights 



Rough 

\ Scrap 1 

Not 

Machinings 

Finished 

Per 

Bloom 

Runners 1 

A 

B 

C 

C. Q. Lb. 

3 16{ 

C. Q. Lb. 

C. Q. Lb. 
25 

C. Q. Lb. 
2 191 

C. Q. Lb. 

an 

C. Q. Lb. 
1 25} 

i 

20 


Operations 


Op. 1 
No. 1 

Operations in Detail j 

Shop and 
Group 

Idont. 

No. 

Basis 

Time 

Per 

1 

Coremaking ..... 

Foundryl3 

654 

H. M. 

5 0 

20 

2 

Machine Moulding {4 ptr Plate) 

FoundryJ2 

2560 

2 45 

20 

3 

Fettling ..... 

Foundry 15 

1, 2, and 3 

40 

0 

ton 

4 

Turning, Boring, and Thread Cutting 

Machine! 14 

37512 

25 

0 

20 

5 

Milling two Hexagons 

Machine! 15 

38163 

5 20 

10 


Operaiions which are Nut a Direc^t Charge ... Nil .. 


Machines and Labour 


Op- 

No. 

Type of Machine 

Grade uf Labour 

Base 1 

Rate j 

Bonus % 
Earned 

1 



Apprentice 

168. 

49 

2 

Moulding ..... 

Machine Moulder . 

47s. 

43 

3 

Sandblasting and Grinding 

Fettler . 

488. 

45 

4 

Turret Lathe ..... 

Turner . 

56a. 

38 

T) 

Milling ...... 

Apprentice 

148. 

1 

40 


Tooling Equipment 

^ * iRequired 

Workshop Expenses for Period 


Machine Tools 

PaUerns at an esti^nated coat of £6 
September 1939 to be used for this Estimate. 


Fio. 254. Material and Operation Schedule for Ij in. Brass Stop Valve 



MANUFACTURING COSTS 
COST SCHEDULE 


Detail... Body 

For in. Stop Cock 

Order No. 1212 

Economical Manufacturing Quantity : 20. 

Vabiablb Cost 
(1) Material 


Date 3rd January, 1940 
Mark No. If 1331 Estimate No. 105 
T)rg No. Bfl331 
(’atalogue No Sf 54131 
Anticipated Ordering Quantity: 600. 


Description 


Bymb AUoy, A.l 


A 
B 
C 

Credit for Recovered Scrap - 
Runnen 
Machiningt 


(2) Wages 


I Roiujli wt 
, ( Q Lb 


.i m\ 

per JO 


Bate I Cost PER 20 ' Coat Bach 
per Cwt I SL » d it. d. 


4)s 


25 ' 

2n\ 


6d 

40it 


Net MaiKhtai Cost 


Op 

No 

Operation 

Bash 

Time 

Per 

U.itt of 

Op< rator 



h m 



1 

Coremaking 

5 0 

20 

J(>8 

2 

Machine Moulding 

J 45 

20 

47s 

3 

Fettling 

40 0 

Ton 

488 

4 

Turning 

J’i 0 

JO 


5 

Milling 

5 20 

JO 

14k 


Workshop 
Expense 
„ Appllr- 
Able 


N.V 


TtlTAIi WAGES ( OST 


(3) OvBRHEAU Charges 

(a) Workshop Expenses (Variable Proportion) 

(b) Incidental Charges ( Do. ) 

(c) Add Workmen’s Insiiranre and Conipensatjou 


(V ) Total Variable Cost 


Non-vabiable Cost 
(4) Overhead Charges 

(d) Workshop Expenses (N V. Proportion 

(e) Incidental Charges ( Do ) 

if) Works Superintendence Charges 


(N) loTAL Non-variable Cost 


Total Works Cost (V + N) 
(a 

r. 


(6) Add: (a) Percentage Allowance for Selling Costs, 5 per cent 

h) Do. ( ’arriage, say 100 miles (<n £2 per ton 

(c) Do. 

(6) Total Cost Excluding Proiit 

Add 20 per cent for Profit 

(7) OvEUALL Cost 


2 0 3 5 

2 02 

9 57 

5 7 

7 80 

46 

13 18 

119 

10 4 

0 6 

1 8 8 

10 

9 0 

0 4 

IS 5 b 

11 1 

i 10 8 

11 

13 86 

1 2 1 

7 2 7 

43 

1 9 5 

1 1 

10 0 

0‘5 

2 16 8 6 

2 99 

8 0 2 

4 8 

10 7 

0 6 

1 9 3 

1 1 

10 8 2 

6 4 

3 7 4 8 

3 4 3 

3 4 4 

2 0 

11 0 

0 5 

3 11 8 2 

3 6 8 

14 4 0 

8 6 

£4 6 0 2 

4 34 

1 


Material Ratos and Workslioji P^xpoiiHos for Period September 1939 
Estimated Expenditure on Dior, etc ; Patterns, £6 

Fia. 255. MANUFAC^URI^(l (’usts Schedule for Ij^iN. Brass Stop Valve 


used for Cost. 
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WORKS ORGANIZATION AND MANAGEMENT 


copies of the printed forms of the two 
types shown will require to be filled 
up in order that a summary of the 
estimated cost of a complete unit ean 
be ascertained. 

With some firms, more especially the 


cated unit instead of a casting or 
forging, or sometimes vice versa. 
There is no hard and fast rule — each 
case must be taken on its merits, the 
quantity ordered and the patterns, jigs, 
special tools, and gauges required all 


Zrd January^ 1940 

SUMMARY OF ESTIMATE No. 105 


Stop Cock : IJ in. Drawing No. 


Detail 

Material 

Direct 

Wages 

Variable 

Cost 

Non-vari- i 
able Cost 

Works 

Cost 

Overall 

Cost 


8. d. 

8. d. 

8. d. 

8. d. 

8. d. 

8. d. 

Body .... 

1 1-9 

1 21 

2 9-9 

6*4 

3 4*3 

4 3-4 

Plug .... 

7-3 

91 

1 101 

4-2 

2 2-3 

2 9*4 

Washer .... 

0-8 

1-4 

3-4 

0-6 

40 

61 

Nut .... 

1-8 

0-5 1 

1-2 

0'3 

1-5 

1*9 

Assembly of Cock . 

— 

5‘4 ! 

6-6 

1-2 

7-8 

10-7 


1 ii -« 

2 e r . 


1 0-7 

6 7*9 

8 6-6 




1 1 1 




(Pattenis not included) 


Fig. 256. Summary of Estimated Cost of IJin. Brass Stop Valve 


smaller ones, it may prove expedient 
for the material and operation schedule 
and the manufacturing costs schedule 
to be telescoped into one form. 
Whether or not this is done, there 
will be times when an approximation 
may be safely made resulting in some 
of the detailed work being curtailed. 
Certainly, however, the more detailed 
and systematic the estimating, the 
greater will be the help provided 
for operation planning. With large 
contracts it is always advisable to 
add a reasonable percentage for 
contingencies. 

Influenciiig the Design 

Sometimes a cheaper method of 
manufacture, without any loss in the 
efficiency of the article, suggests itself 
to the works. A casting may be sug- 
gested instead of a forging, a fabri- 


having to be taken into consideration. 
The procedure which must be followed 
is really a form of job analysis. 

Wlieri^ a genuine saving can be 
effected, the drawing office should be 
advised and a request made for th(‘ 
design to be modified to suit. No such 
change* should, of course, be made 
unless the drawing odice is in agree- 
ment and confirms its approval by 
promptly altering the drawing or 
drawings concerned. 

Alternative Methods of Manufacture 

There will be many other cases, 
apart from those mentioned, where an 
alternative method of manufacture 
will present itself without in any way 
affecting the design or the material. 
Consider the case of the pipe flange. 
Fig. 257. Assume that it has previ- 
ously been manufactured as a drop 
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stamping, but that the time has 
amved when new stamping dies at an 
estimated cost of £8 are required. The 
question is consequently raised as to 
whether this is the cheapest method 
of manufacture, or whether by burning 
out of a flat steel plate by oxy- 


Factors Influencing Wages Cost 

Not infrequently the base rate of an 
operator is supplemented by a “cost 
of living’* bonus, which b}^ agreement 
with the trades unions varies from 
time to time according to the economic 
situation of the country. This bonus 



acetylene or oxy-coal gas the flange 
will be less costly. In such casts the 
usual estimates will be prepareel, and 
when this has been done a comparison 
should be made on the lines sugge sted 
in Fig. 258. It will be seen that the 
cost by drop stamping is Is 3d , anel 
by burning out is 7|^d The influence 
of the workshop expense charges 
should be carefully neite^d, i.e., dreip 
stamping 200 per cent, acetylene 
cutting 68 per cent. The comparison 
reveals, therefore, that the second 
method has everything to commend it. 


must not be eonfuseel with premium 
bemus hours oi piecework balance, a 
lull explanatieui e)f which has been 
given in Chapter XIX If an eiperator 
weirks em «i night shift, or works over- 
time, for which pcrieid he ree*eives an 
enhanced rate, say of time -anel-a- 
third, a third of the base rate will be 
added after the piece weirk balance has 
been computed from the actual hours 
worked. Similarly, a third will also 
be added to the “ce>st of living” 
bonus 

Consider an example. In order to 
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26th July, 1940 

ANALYSIS OF MANUFACTURING COST 


Item 

. Pipe Flange 

Estimate No. . 

. 232 

Drawing No. 

. 5986 ' 

Mark No. . . . . 

. 2/R986 

Catalogue No. . 

. 16/13512 1 






Particulars of Estimate 






{Equated to 1 Pipe Flange) 




Present Method 


Proposed Method 




8. d» 




8. d. 

Material Cost . 


1*79 

Material Cost . 



1*24 

Wages Cf)8t 


400 

Wages Cost 



3*00 

Variable Cost . 


10*93 

Variable Cost . 



5*16 

Non-variable Cost 


4*12 

Non-variable Cost . 



2-09 

Works Cost 


. 1 3*05 

Works Cost 



7*24 

Overall Cost . 


1 6*06 

Overall C(\st 



8*69 


Material and WKiairrs 


Steel Bar: If in. diameter. 



1 Steel Plato: | in. thick. 



Tensile Strength: 28 to 33 1 

(.0118 per sq, 

. in. 

Tensile Strength : 28 to 32 tons per sq. 

in. 

Catalogue No. 13/8290. 



Catalogue No. 13/25720. 





Pate per 



Rate per 



Ton 



Ton 


lb. 

£ 8. d. 


lb. 

£ 8. d. 

Hough Weight 

. 1*60 

116 8 

Rough Weight 

. 2*12 

7 3 8 

Less Scrap Bloom 

. 0*25 

1 12 6 

Leas Scrap Plate 

. 0*81 

3 13 6 

Less Machinings . 

. 0-36 

2 5 0 

Loss Machinings . 

. 0*31 

2 6 0 

Finished Weight 

. 1*00 


Finished Weight . 

1*00 




Operations, P.W.P. and Operators’ Rates 






Opera- 




Opera- 

tors' 

Operation P 

.W.P. W.E 

, Per tors' 

Operation P.W.P. 

W.E. 

Per 

O' 

(> 

Hate 

% 


Rate 


tf. (/. 


8. d. 



Droj) Stamping 

8 4 200 

50 528. and 

Oxy -acetylene Cutting 






42s. 

by Machine . .42 

68 

60 

568. 

Drilling, Tapping, and 



Drilling, Tapping, and 




Countersinking 

6 3 80 

60 50s. 

Countersinking . 6 3 

80 

50 

50s. 

Surface Grinding 

2 1 40 

60 528. 

Surface Grinding . 2 1 

40 

60 

528. 


Tooling Equipment 

Drop Stamping Dio Blocks reported for renewal. 1 On Hand. 

Cost ; £8. I 

Fia. 2i58. Comparison of Two Methods of Manufacture of Pipe Flange 

fulfil a certain contract a factory to 8.0 p.m., and on nights from 8.0 
proposes to work its productive staff p.m. to 8.0 a.m., with 1 hour meal 
in two shifts — on days from 8.0 a.m. break on each shift. 
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The following figures will thus 
probably obtain — 


Day Shift 


Rate of 

Actual 

Ooertime 

Pay 

Working 

Allow- 


Turn 

ance 


H. M. 

H. M. 

\ 0 a.m. to 6.80 p.m. . Normal 

8 30 

— 

(Allowing 1 hour break) 

» 30 p.m. to 7.80 p.m. Time and a 

quarter 

2 0 

30 

30 p m. to 8.0 p.m Time and a 

half 

30 

15 


11 0 

45 

Premium Bouus 

(assuming 50%) 

5 30 

- 

Total 

16 30 

45 


Let JR5 — Base Bate per hour in pence, 
and C — Cost of Living Bonus per hour 
in pence. 

Then increase in Wages Cost 
IB + j C 
16-6i2 -f lie 

Assuming an average base rate of 40b. 
and a cost of living bonus of 20s., for a 
47 -hour week, using th(‘ above nomenclature* 
we gel the following — 

I X 10 + f X 6 7J I 11-25 

16-5 X 10 + 11 X 5 “ 105 f- 55 “ 220 

= 50 per cent. 


Night SHiF^r 

Hah of Actual Ooeitime 

Hay Working AUow- 

Time ame 

H M H M 

5 0 p.m. to 0 U a.ni Tune and a 

(Allowing 1 hour break) third 1) 0 3 0 

6 0 a.m. to S 0 a in. Time and a 

half 2 0 10 

11 0 4 0 

Premium Bonus 
(assuming 50%) 5 30 

Total . J« 30 4 0 


Assuming a base rate and cost of living 
bonus as above for a 47-hour week, the 
increase in wages cost is equal to — 


4B + 4C 
16-6B 4 lie 

40 4- 20 


4 X 10 4- 4 X 5 
10*5 X 10 4- 11 X 6 
60 

= = 27-0 per cent. 


105 4- 65 220 

/.As both shifts are of equal length the 
average increase over the ordinary rate 
equals — 

5*0 per cent 4“ 27*0 per cent 
r ! ^ _ 10 0 per cent 


Accordingly, in this particular ex- 
ample, 1 6 per cent should be added to 
any estimate of wages cost which is 
based on ordinary working time. 

From the foregoing it will be ap- 
preciated that where a night shift or 
overtime operates, it is important to 
make suitable allowances in any esti- 
mate supplied. The necessity for the 
percentage balance figure iiu^luded in 
the Material and Operation Schedule 
forms, Figs. 249 and 25 k will be 
apparent, U cause it is from the know- 
ledge of tin percentage which the 
operator normally makes that the 
actual time to bt* taken for any given 
work can be assessed and used by the 
costs accountant for evaluating the 
amount of “cost of living’’ bonus to 
be included in the wages figure. 
Tables XIX, XX, and XXI, and 
similar tables, covering the full rang(‘ 
of rates applicable, will give informa- 
tion which will b(‘ very helpful, and all 
estimators will be well advised to 
draw up a eomprehensivt* set in order 
to provide short cuts. 

Estimates Involving Reorganization 
Schemes 

Let us now consider the otluT form 
of estimating mentioiUHl at the b(‘gin- 
ning of the chapter. An estimate is 
required in connection with an exten- 
sion or a partial reorganization of the 
factory, or of a particular department, 
and it has to b(‘ submitted to the 
Board for approval. Much of the pre- 
liminary information will require to be 
furnished by the plant and machinery 
assistant. Actual quotations for new 
buildings, equipment, and plant, com- 
bined with the experience of the* past, 


2 



824 


WORKS ORGANIZATION AND MANAGEMENT 


will generally provide the major part 
of the detailed information required 
to compile the estimate. 

For the sake of clarity, it is recom- 
mended that the work should be finally 


Section 4. Particulars* of new 
equipment to be provided, apart from 
the installation of registered machines. 

Section 5. Particulars of unregis- 
tered equipment to be displaced. 


TABLE XIX 

Gross Hourly Rate in Shillings fob Bonuses of Varying Percentages 


Weekly 
BeuBe Hato 
(47 Hours) 

Percentage Bonus 

W^eekly 
Base Kate 
(47 Hours) 

26 

30 

36 

40 

46 

60 

66 1 

60 

70 

80 

90 

100 

10s. 

•266 

•277 

•287 

•298 

•308 

•319 

•3,30 

•340 

•362 

•383 

•404 

•425 

10a. 

12r. 

•319 

•332 

•345 

•3.68 

•369 

•383 

•396 

•409 

•434 

•460 

•486 

-.621 

128. 

]4s. 

•372 

•387 

•402 

•417 

•431 

•447 

•461 

•476 

-.606 

•629 

•566 

•506 

14s. 

]6s. 

•426 

•443 

•460 

•477 

•493 

•611 

•626 

•646| 

•679i 

•613 

•647 

•681 

16s. 

18s. 

•479 

•498 

•617 

-.636 

•,664 

•676 

•692 

•61.3 

•661 

•690 

•728 

•766 

18s. 

20s. 

•632 

•6.63 

-.674 

•696 

•616 

•638 

•660 

■681 

•724 

•766 

•808 

•849 

208. 

228. 

•686 

•608 

•632 

•6,6,6 

•677 

•702 

•724 

•749 

•796 

•843 

•889 

•936 

22s. 

24h. 

•628 

•664 

•689 

•716 

•739 

•766 

•790 

•817 

•868 

•919 

•970 

1-021 

24r. 

26s. 

•692 

•719 

•748 

•77.6 

•800 

•830 

•8.66i 

•88.6 

•940 

•996 

10.62 

1106 

26s. 

2«h. 

•746 

•774 

•804 

•834 

•862 

•894 

•921 

•»52 

1013 

1-069 

1131 

1191 

28s. 

30s. 

•798 

•830 

•862 

•894 

•923 

•967 

•989 

1-021 

J-087 

1149 

1-211 

1-274 

30s. 

32s. 

•861 

•886 

•919 

•963 

•98.6 

1021 

10.63 

1-089 

1151 

1-226 

1-293 

1-362 

328. 

348. 

•906 

•940 

•977 

10 13 

1-047 

1-086 

11 19 

1151 

1-2.30 

1-302 

1-375 

1-447 

348. 

36s. 

•967 

•996 

1-034 

1-072 

1108 

M49i 

M8.6 

1-226 

1 -302 

1-379 

1 -4.66 

1 -.632 

.36a. 

38h. 

1011 

1061 

1-091 

1-122 

1-170 

1-21.3 

1-2.62 

1 -294 

1-37.6 

1-4.66 

1-636 

1-615 

38s. 

40s. 

1-064 

1106 

1-149 

1-198 

1-231 

1-277 

1-319 

1-312 

1-449 

1-.632 

1-616 

1-698 

408. 

42s. 

M17 

M62 

1-206 

1-261 

1-293 

1-340 

1-382 

1-128 

1-619 

1-.688 

1-697 

1-787 

42s. 

448. 

I -1 70 

1-217 

1-264 

1-310 

i-:ri4 

1-404 

1-448 

1-498 

1-.691 

1-685 

1-779 

1-812 

44s. 

46s. 

J-224 

1 -273 

1-321 

1-371 

1-416 

1-469 

1-.614 

I -.666 

1-663 

1 7.68 

1-8.66 

1-957 

46s. 

488. 

1-277 

1-328 

1-378 

1 -430 

1-478 

1-.632 

1-679 

1-634 

1-736 

1-838 

1-941 

2-042 

48s. 

608. 

1-330 

1-383 

1-436 

1-486 

l-.6,39 

1-69.6 

1-649 

1-702 

1-811 

1-915 

2-019 

2-123 

608. 

62h. 

1-383 

1-438 

1-496 

l-,649 

1-601 

1-660 

1-711 

1-770 

1-881 

1-992 

2104 

2-212 

528. 

64s. 

1-430 

1-493 

l-,66] 

1 -609 

1 -663 

1-724 

1-777 

1-8.38 

1-9.63 

2-069 

2-18.3 

2-292 

64b. 

568. 

1-489 

J-649 

1-608 

1-668 

1-724 

1-787 

1-842 

1 -904 

2-024 

2118 

2-262 

2-38.3 

66s. 

688. 

1-643 

1-604 

1-666 

1-728 

1-78.6 

1-8,6J 

1-908 

1-984 

2-097 

1 2-221 

2-.34.6 

2-468 

68s. 

60s. 

1-696 

1-660 

1-724 

1-787 

1-847 

1-916 

1-979 

2042 

2-173 

2-298 

2-421 

2-547 

60s. 


divided into eight distinct sections as 
follows — 

Section 1. Particulars of existing 
registered plant which is to be dis- 
placed. 

Section 2. Particulars of existing 
registered plant which is to be re- 
tained but transferred into a new 
position. 

Section 3. Particulars of new 
machines and equipment to be 
installed. 


Section 6 . Particulars of unregis- 
tered equipment to be re-arranged. 

Section 7. Particulars of structural 
engineering work to be carried out. 

Section 8. Particulars of electrical 
engineering work to be carried out. 

Fig. 259 gives an indication of what 
is required to enable the estimate to 
be completed. Although only one 
item is shown h^re under each section, 
it will be appreciated that in practice 
there may be a considerable number of 
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WORKS ORGANIZATION AND MANAGEMENT 


ESTIMATED COST OF NEW^ WORKS 


Estimate No. 67 

Description of Scheme Reorganization of Maxihine Shop Date Ist March, 1940 


Vr()iK)H(‘d Woik 

Ihirchase 
of Plant j 

Work by own 
Company 1 

Work b> 

1 C’ontractois 

Total 

New Work 

ProvidiiiR and FixiiiK - 

Machine No. 48 Hadial Drill 

(iuiiKc Hacks | 

Electric Points 

HcnioviiiK and HcflxiiiK | 

Office Fuiniture 

PlOVldlllR 

( oncrete Foundations and FlooniiR 

22.‘> (3\) 

£ 

12 (3B) 

30 (4C) 

25 (8A) 

ft (6A) 

£ 

95 (7A) 

£ 

237 (3C) 

30 (4C) 

25 (8A) 

6 (6A) 

05 (7A) 


£22.''> 

£73 

£05 

£393 

Removal oj Kxistinii Works 

Machine No Veitical DnlliiiR Machiiu 

00 ft of shaftiiiR 


4(11)) 
ft (51)) 


4 (ID) 

6 (5D) 

(h) Toui. 


£10 


£10 

Transferrino Existing Assets 'Jfmi'ohar^ Works \m> 
Other Purkl\ Hevfnttr Chari. ks 

Hen)o\inK and ReflxiiiR 

Machine No 38 Tool (lilmler 


ft (2D) 
(2E) 

— 

ft (2f)) 
(2E) 

(<•) 'loiAL 


£0 


£6 






(</) (IROSS Exj*rni>ititre 

122r» 

£80 

£95 

£409 

Deductions 

( 'red it i 01 recoverable material — 

Machine No 33 Vertical DrilliiiK Machiiu 

GO ft ai Sh.iftiiiK 

- 

- 

- 

5 (IE) 

2 (6E) 

(0 'l(»T\i Deductions 

— 


— 

7 






(f) Nkt ( osT ((/ e) 

£22.5 

£S0 

£05 

£402 

OrlKlnal cost of woiks displaced 

Machine No 33 ^ < rtie.il DiilhiiK Machine 

00 ft ol bhattiiiR 

SO (1A) 

20 (.5A) 

H (111) 

10 (511) 


88 (1C) 

30 (6C) 

(f7) Tot\l (^)si 01 Disima(EI> Works 

tlOO 

£lh 


£118 

Efltlinntcd (ostof reiilaciiiRnt piescnt puces vv oiks displaced — 
Machine No. 33 Vertical Drilling Machine 

GO ft. of hhattiiiR 

1 on (IF) 

1 24 (5F) 

10 (IG) 

12 (.5(1) 

- 

10ft (IH) 

30 (6H) 

(/i) Total Present Da\ Hkplaikmknt (\>st 

1 1120 

£22 


£142 


1 1 1 



(SiKnoil) 


Kio. 2(i() Nnw Works Estimate Form 


Works Manager. 
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items under any or every one of the 
sections. For our purpose we will 
assume that the one item quoted 
represents the total amount involved 
for the appropriate section. 

With the information compiled on 


Form, by the Uvse of which he is able 
to prepare a New Works Allocation 
Form, Fig. 2(51. The letters included 
in Figs. 260 and 261 are merely to 
show the connection between the 
various sums of money enumerated. 


ALLOCATION OF ESTIMATED COST OF NEW' WORKS 
Estimate No. 67 Ijaie 4th Match. Vi40 

Dowcription ol Scheme Beon/amzaiion of Mach tm Shojt 


£ 

Expenditure on new work (a) 31)3 

Le88 Estimated cost of replaciu/r ut ]m‘^ent prices the* woiks dispiated (h) 142 

Addition Ol Iinpro\<*iiu Ilf (j) £2, 'll 


\M.OC\TION 

Capital A( eoi Nr i 

Addition or Iiiijiiox (‘inc'iit [j) 251 

Rkvenuk i 

Replacement work (/#) 112 

Removal of existing woiks {b} 10 

Transferring exist ing assets, teiii[)oiarv woik. and othei janelv rovt'iiue 

charges . (c) 0 

£158 

Ci edit foi recoverable material . (0 7 

Total £151 

Ni J (’osi (/) L402 


(Signed ) 

Works Costs AeeoiiNTANT 
Eio 201 Nlw Works Ali.oi \iiov Form 


the lines outlined, the next step is to 
prepare a New Works Estimate Form, 
the type of form suggested 1 icing 
shown in Fig. 260. It will be seen tliat 
provision is made in this form for 
credits for displaced plant. The work 
of the estimating ollice is now com- 
pleted, and it only remains for the 
works accountant to do his part. The 
latter is supplied with a copy of the 
completed New^ Works Estimate 


Thus it IS sten, from the account- 
ant’s allocation of the gross ex})endi- 
tur(‘, what is the ultimate effect on the 
ea[)ital of the firm, i.e. the amount by 
which it is estimated the capital is to 
be incr(‘ased or decreased, and on the 
amount to be taken from r(‘ venue. 
This method of presenting an estimate 
should not be confused with the 
preparation of a balance sheet, wdiich 
jmivides for the installation of new 
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CAT.N- 


CAFAidOGUK N« 

0R6 HARK H* 

CSTlMATt 

1 CATALOeua N* 

ORA mark N* 

eOTirlATC N« 1 

5/5P7ni 





.-s'/'ypTifi 


^613 



5/5P702 

mSi 
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99 


r ■ , 

3 / 140.^5 
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BHI 
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'HHHBii 
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BIBii 
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. ..3. 

fIBRBHi 
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Fig. 2 tt 2 . (Uhd fok Indexing CATADoairE Ni^mbers with Reference 
TO K.stimatk Numbefis 


DRG.N° 12654. 


DR 6 MARK N- 

estimate NI« 

1 ORG MARK 

ESTIMATE N* 

1 /I 9 AAA 

iQftp 

llllllll 

■[M 

;|||hBHBBHHH 

iHlHi 

Blilli 

iHHI 

P/ - 

30 gJ 



7 

J 8 / 


:z7 


T 

V 

3Q25 

34/6 


/ 
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4/ 




7 

2^ 

RUB 
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7 
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Ficj. 2<»3. Card for Indexing Drawing Numbers with Refereni’E to 
Fstimati: Ni'mbehs 


SPANNERS 

1 DCACRioriOM 

BSTinATE 

Db»ci?ipt»om 

tOTlf-IAXt 1 

M|BpB|^^ 




1 X |/^ RjimT, ^jiPAIMISpD 

47Rfl 



ftsft Pi Pt JpinrS 

|B|B| 



% WHITWORTH 5^PANmCP 

4^42 



VARlfilJS SPANirsEPS FOR 




SPAINMFO FAO MFCHArsUrAL 


■■ 


UAB ftfs ARAftS DETAILS. 






B 


g.L-f!aAgn SPAMPsiFg 



■■ 

mmflBHHHHHi 

B 


B 





HHHHHHHHHI 

B 

IHII 

B 





t— 


c:] 



— 




Fig. 264. Alfhabeticai. Card Index of Manufactured Items 
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plant and displacement of staff, and 
shows the anticipated savings. (See 
Chapter VII.) Even in this ease, 
however, it may also be necessary for 
the balance sheet to be supplemented 
by estimate and allocation forms, 
similar to Figs. 260 and 261 . 

Reference Files 

For quick reference an estimate 
number should be allocated to each 
completed estimate and, in addition to 
a book register of all such estimates 
entered in numerical order, thre(‘ 
card records should be maintaine<l. 
These latter are all necessary, as differ- 
ent departments may quote diflerent 
references when s(‘eking information. 

The arrangement of the card records 
recommended is illustrated and may 
be briefly explained as follows — 

No. 1. Card indcjcing catalogue nuni- 
hers and giving refoe nee to estimate 
numbers. (Fig. 262.) It will be not(*d 
that provision is made for more than 
one estimate number in this record, in 
order that the estimate number applic- 
able to an assembk'd article may be 
shown in addition to the estimate 
number for the individual units. 

No. 2. Card indexing draxving 


numbers and gwing reference to estimate 
numbers. (Fig. 268.) The digits indi- 
cate the reference to the details on the 
drawing. Where no entry has been 
made at the side of the digit it indi- 
cates that no estimate has been 
provided. In this instance also it will 
be noted that provision is made for 
more than one estimate per mark 
number. In the (‘ase of an estimate 
for an assembled article which consists 
of a number of details, the estimate 
numlH r (,i the assembled article should 
be entend on this record for reference, 
(ven though the original estimate 
numlx'r for each of the separate 
details will bt‘ used for ordering 
purposes. 

No. 8. Card indCiVing aljdiabeticalUf 
all manufactured items. (Fig. 26 b) 
All lh(‘S(* records should be entered 
together and should prove a ready 
means of tracing any estimate. A 
convenient size for i‘aeh of the cards 
is 5 in. ' S in. The estimates them- 
selves should be arranged in strict 
numerical order m cabinets. It is 
strongly r(‘comnu‘nded that all cal- 
culations which r(‘quir(‘ to be made 
should be k(‘pt wdth the completed 
estimate. 
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PRODUCTION PLANNING 


Functions of Production Planning 
Department 

The satisfactory and economic control 
of the manufacture and assembly of 
any equipment demands careful super- 
vision and attention to detail. For 
this purpose the adoption of a central 
production planning system has every- 
thing to commend it. Its importance 
as an integral part of the works 
organization can scarcely be over- 
estimated, and if well organized its 
advantages are indeed very real. The 
functions of this key department 
should be briefly as follows — 

(1) To concentrate the authority 
for, and to initiate, actual manufacture. 

(2) To prepare manufacturing speci- 
fications. 

(3) To issue all material requisitions. 

(4) To plan the individual opera- 
tions to be performed, to issue the 
wages doeuments incident thereto, 
and, if the planning is complete, to 
define the actual machines and other 
equipment to be used, taking into 
account the speeds, feeds, and tool 
set-ups. 

Advantages of Central Planning 

A central production planning 
system will prove its efiieicncy and 
practical utility in all departments. 
Its advantages may be summarized 
as follows — 

(1) It is the surest way to obtain 
manufacturing efficiency. 


(2) It centralizes the clerical work 
which must otherwise be carried out 
by the foremen, ehargemen and shop 
clerical staff, most of whom would 
have varying ideas as to how it should 
be done and would act accordingly. 
Such centralization minimizes the 
amount of clerical work in the aggre- 
gate. 

(3) It ensures that the materials 
and wages systems of the works are 
conducted on uniform lines. 

(4) It ensures that all material 
received from outside firms is debited 
to the appropriate order, and con- 
centrates the responsibility for the 
correct ordering of all material 
required for that order, viz. material 
manufactured in the works as well as 
that obtained from outside manu- 
facturers. 

(5) It enables the works costs 
accountant to arrive at an accurate 
cost for any equipment completed, as 
wages and material cannot be charged 
to an order other than that quoted on 
tlie requisitions and wages tickets 
supplied by the production planning 
ollice. 

(6) Any material which has been 
scrapped can be credited to the indi- 
vidual works order and new requisi- 
tions made out for replacement 
purposes. This practice obviates the 
necessity for inquiries in the shops 
concerning surplus charges. 

(7) It enables a record to be kept of 
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the whole of the material used in the 
manufacture of all classes of work. 
These records may be filed for easy 
reference. 

(8) A system of scheduling com- 
pleted work is made possible, enabling 
the progress of an order to be seen at 
any time, and also revealing any 
delay which may be oeeurring. 

WORKS ORDER NO. 28u6 

CORRESPONDENCE REFERENCE 

DESCRIPTION 

INSTRUCTIONS, 
detail. 

ORAWTNCS. 
mvolvod. 

WORK TO BE (CARRIED OUT 
attaohmeuts. 

AUTHORITY. 

REPORT. 


should be supplied by the drawing 
office to the produetion planning office, 
when the works order (Form No. 1) 
authorizing the work has been re- 
ceived. These lists should show the 
bulk quantity of material and any 
special fittings required. Two copies 
should be passed forward to the store- 
k(cp(*r, enabling him t(> place* orders 

I) M’F L'oth Juli/, IV40 

EJL 370 


Tin Ihavt/ Oil Em/ims 

Tho drawings supplied b\ llie ( oiilitutoi be i losely followed in over\ 

Eat b Engino is to liavo a plate a'lKeil giving a distnutive nunilx'i, i e. E 1~ E lb 

(Jeneial Ariaiigoiiient Drawing No C 3‘3'2 ind.ides a list ot the delailixl drawingH 
Complete iKimhutuM of ten units, ineluding (iMtain 

Diieetois' (Vnnrnittee Minute No IbHO dated 2tth Julv, lilM) 

The work must bo regarded as urgent, and as soon as <*a( h unit is eomjiietod an 
advieo iH to be sent to the Progress Office. 

tin Works Ouni H 


Standard Documents 

Before going mon* fully into the 
operation of this system, in which a 
number of standard forms and doeti- 
ments are recomnuaided, it is necessary 
to give a brief description of them and 
their uses. They cover a variety of 
purposes as follows ~ 

1. The Worhs Order, The works 
order, Fig. 265, is a circular to be sent 
to all assistants, oflices and shops 
concerned as soon as an order for anv 
new work has been authorized, giving 
a brief description of the work and the 
order number to which the work js to 
be charged. The words in capital 
letters constitute the printed portions 
of the form. 

2. Material Lists. Material lists 


with eoniraetors for such items as 
steel plates wluai of sp(‘eial sizes, or to 
sup])l(“m(“nt Ins stock of raw materials 
wh(‘n th(‘ articles m question can be 
made from standard stocked sizes of 
material. In dm* course, the store- 
keeper should r(*turn one of the lists 
showing the source of supply. 

3. Dilixur// Lists. Delivery lists, 
Fig. 266, sliould be prepared, and 
actual deliveries rece>rded as advices 
are rce*eiveel from the storekeeper. 
This information sheiuld be passed to 
the she)ps ce)ne*erne*d, te) kce‘p them 
adviseel of the availability e)f the 
mate‘rial. 

4. Material Ordering Specification of 
Details. The* “mate'rial e)rele*ring speci- 
lication,” Fig. 267, should e*omprise a 




Fig 266 Material Delivery List 
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MATERIAL ORDERINCJ SPECIFICATION 


Works Ordor No. 2So6 


Shops 

Cat 

No. 

Qtv. 

pi*r 

Set 

Description of Artn It* 

Dig 

No 

Mnnii- 

tactur- 

iiiK 

Ident 

No 

1st 

Ki\e 

2nd 
Ei\ (‘ 

Material 


— 

(A) 

(H) 

(C) 

(J)) 

(K,) 

(K) 




(U) 



12 « 


2 

Steel coiint'ctnif? Link 
Spec’ll 2:). O.II. Atid 
32/38 tons tensile 

1/2084 

3 '.no 

08 

702 





6 



Ste<‘l p.n for cunncctinK 
link Spec’ll 37 

2/2084 

.1,311 

1 

oS 

753 





(i 


4 

Stt'Cl collar for connecting 
link Spec’ll 37 

3/2084 

8/312 

08 

|754 





(S 

l4/52Htt 

SA^V VVSA^/VSr 

4 

'NA/V^A^VSA✓V^ 

ft in. Split Cottei for 
connecting link pin 

2084 

'WWV^ VN V 

3/ 114 1 

08 

755 




- 


Fig. 267. M^tehui Ohdkrino Spkciik mmon ok Details 
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No. 

Draw 
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IMunu* 
taetur- 
ltl^ Shop 

Remarks 

2 

Steel voynifUnuf huh 

HrilO 

/ 2(iS4 

12 <t- 6 
Shop 


4 

Steel pin Jor conntctimj huh 

31 , ill 

2/ 2034 

Shop 


4 

1 

Stiel collar jor vonncctinq linh \ 

3 312 

1 

\ V 2034 

0 

Shop 


4 

WW ✓WN/VA. 

in. Split cotter for connecting link pin 

31314 1 

1 

1 

2034 

V V^✓ >/W 

N 0230 

Normal Mock 
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form to be used solely by the produc- 
tion planning office, on which a 
“specification” of the various details 
should be recorded from the drawings, 
giving the quantity required per unit, 
the description of the* article, its draw- 
ing number, the shops concerned in its 
manufacture, the manufacturing iden- 
tification number of the detail, and 
the number of units for which material 
has been ordered. 

5. Stock Lists. These should be 
prepared from the information in- 
cluded on the “specification of de- 
tails” forms, and should contain the 
bulk quantity of manufactured stock 
details which will be required for the 
order under construction. They should 
be submitted to the storekeeper as 
early as possible in order that he may 
make provision for stock items which 
he will be called upon to supply at a 
later date of which he will be advised. 

6. Manufacturing Specification Lists. 
These should show what number of 
each article is required per unit, the 
description of the article, and its 
manufacturing identification number, 
drawing number, catalogue number or 
manufacturing shop number. These 
lists. Fig. 268, should be issued to all 
shops and should form a complete 
description of every detail required 
for an individual order. 

7. Requisitions. Requisitions, Figs. 
269 and 270, should be issued to the 
shops for every detail and should 
constitute the authority for obtaining 
the rough material, or a finished 
article from the stores. 

8. Conveyance Notes. Conveyance 
notes. Fig. 271, should be issued with 
the requisitions for work handled by 


more than one shop or section, giving 
the description of the article, its 
identification number, order number, 
and the shops concerned in its manu- 
facture. The conveyance notes should 
accompany the articles to be produced 
until ready for assembly, and when the 
articles have been handed over to the 
assembly shop, the conveyance notes 
should be returned to the production 
planning office. 

9. Operation Sheets. On the “opera- 
tion sheets,” Fig. 273, should be 
recorded the individual operations for 
each manufactured detail (sec Fig. 
272), the number required per unit, 
the identification numbers, drawing 
number, and the wages tickets as they 
are issued. 

10. Wafers or Job Tickets, Wages 
tickets, Figs. 274, 275 and 276, should 
be supplied to the shops for every 
operation. No work should be carried 
out except that which is authorized in 
this way. 

11. Scrap Material Orders. These 
forms. Fig. 277, should be signed by 
the foreman m whose shop the article 
is scrapped, giving full particulars of 
the detail, and should be a notification 
that new material is to be ordered to 
replace scrap, and new wages tickets 
are to be issued to cover the various 
operations which occurred before 
scrapping. To avoid a double charge 
the shop responsible for the defects 
should be debited, the appropriate 
factory order being stated on the 
wages tickets issued. 

12. Credit Notes. “Credit notes,” 
Fig. 278, should be issued for the 
crediting of material as scrap in the 
case of scrapped articles, or into stock 



PRODUCTION PLANNINC. 


SS5 


STOKES REQUISITION 
Material as undei to be delnered at Shop No 7J 


^o ^ osrjj 


Quantity 

Required 


DoHLiiption and Diawmu Nuinbti 


C^harpe to 


Signature 


Steel connect} nq link Diq 1266 7 


(10 S</s) 


Date 

supplied 


Orado of Matonal 


I V\.ifrlit(4) (>«!(») 

^'"1 hh 1 I) I Kinount 


Spu ijnation 2 j 
OH 4c#f/ 12 is 


(^italogiK No 


W ( ighf 
list d 


1 i< 2t)<l Maiiiuu Hiqiisiiion 

(( oluniii {A) will 1)( (oinplittd by tli< Shop and (< liunn (H) )»\ tla Vtcountani) 


CAS11\(*S ISSI I NON 

Shop 4 Date 2n(i 1m/as/ lOiO ( haigt 

Material to be del i\ erod to 6 S/a>/> Signatun 


Nfo nm 


CatalogiK 

No 


1)t s( iiirnoN 


Mixtiin No 


( I) iig( on \< i oiint 


Oiuintity 


Ions C i) ll> Kate £ /» d 


191275 Brass vilinq iinq 2i m out>} h 
diarneicr 


OlOHS 

Weight 

St raj) 
Standanl 
W eight 

Net 

Weight 


Quantity outstanding 
to complete order 


Date received m stoie 
Received by 


IiG 270 Casiinos iMsi i< Norn 



886 


WORKS ORGANIZATION AND MANAGEMENT 


1 MATERIAL CONVEYANCE NOTE 

Date 2nd Augiist^ 1940 

Order No. 

Quantity 

Description and Drawing Number 

From Shops 

Completed 

2856 

20 

Sted connecting link 

12 


Idont. No. 

31310 

Req’n. No. 

10 Sets 

Drg. 112684 

6 

— 

68752 





1 1 

When completod deliver to 10 Shop. Date rocoivod 


- — 

On completion of order, this form to be returned to Ct ntral Planning Office. 



Fig. 271. Oonveyangf Note 
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OPERAnON {SCHEDULE 
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should the detail not be required for 
the order for which it was originally 
ordered. 

Operation of Production Planning 
System 

On authority being obtained for the 
manufacture of new work, everyone 


to be retained by him and the other 
marked “ordered outside” or “stock” 
and returned to the planning office, 
who should keep a check on receipts 
from outside firms and advise the 
shops concerned of material coming in 
after having been certified by the 
materials inspection department. 


Material 
from Shop 


No 


Catalogue No 


CREDIT NOTE 
Deschiption 


Quant ity 


Weight 


'Cons Cwt Qi Lb 


Date 


S’gnature 


Price 

Allocation Roforenco 


For A( counting Use Onlv 
F’t'r Amount 


Fig 278 (Credit Note 


No. E3927 



£ s d 

/ / 


eoneerned should be advised to that 
effect, by means of the works order 
circular (Form No. 1). As soon as the 
chief draughtsman receives his copy 
of the works order he should arrange : 
(1) For the material lists (Form No. 2) 
to be supplied to the works showing 
all special material, viz. plates, steel 
castings, special fittings, copper and 
steel pipes, required to the order 
number. These lists giving quantity, 
description, dimensions and specifica- 
tion number, should be forw^arded to 
the production planning office, two of 
them passed on to the storekeeper, one 


(2) For the drawings to be marked 
with the order number in the case of 
work of a new design or to be re- 
marked with the order number for 
work where drawings already exist. 
As the drawings are completed or re- 
marked they should be sent to the 
works manager’s office for signature, 
formal acknowledgment of receipt 
being given (sec Chapter XX, Fig. 
244). Copies of the drawing advice 
slip should then be issued by the 
production planning office, one for each 
shop concerned. 

Whether it be, for example, a 
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machine tool, an internal combustion 
engine, an aeroplane, a locomotive, or 
a road motor vehicle which is being 
manufactured, it is convenient for 
the purposes of production planning 
to divide it into classified sections 
in order to facilitate reference to 
manufacture, e.g. a motor vehicle 
might be divided into the following 
sections — 

Section I. Frame and Fittings, 
including Front Axle. 

Section 2. Engine. 

Section 3. Gearbox. 

Section 4. Rear Axle. 

Section 5. Steering. 

Section G. Wiring. 

Every detail should fall within one of 
these sections and should be given a 
manufacturing idc'iitification number, 
which is composed of a number repre- 
senting one of the section numbers of 
which the article is a part, and a dis- 
tinctive number which represents that 
particular part. Thus the cylinder 
head of a ear might be given the identi- 
fication number 2/8, indicating that it 
is Item 8 in Section 2, and a cylinder 
head gasket given the number 2/9 to 
indicate that it is also in Section 2 and 
is Item 9. If desired, a letter may be 
used as the prefix instead of a number, 
e.g, E/8 and E/9 instead of 2/8 and 
2/9 as above. 

A technician in the planning office 
should next prepare, by reference to 
the drawings, the specification of 
details (Form No. 4) and should 
enter the number of each article 
required per unit, the description of 
the article and the drawing number, 
and a non-technical member of the 
staff should allocate an identification 


number to each detail, as previously 
described. 

Liaison with Storekeeper 

From the “specification of details’* 
sheets, the stock lists (Form No. 5) 
should be prepared and submitted to 
the storekeeper, these containing the 
quantity of each stock it(‘ni which will 
be required for the order. By this 
means lie will be able to supplement 
his stocks to meet the order require- 
ments and not interfere with his nor- 
mal quantities. He should also be 
supplied with a programme of work 
showing th(‘ dates on which the 
erection of the units is to be com- 
menced and completed, in order that 
his stock d(dails and material from 
outside linns may lx* ready when 
required. From the “specification of 
de tails” slij) (Form No. 4) the “opera- 
tion sheets” (Form No. 9) should be 
made out as follows : Each item, other 
than stock items, should have its 
description, identification number, 
drawing number, and a complete 
detailed list of operations to be per- 
formed upon it, nx'orded on these 
sheets, with ample space left on the 
right-hand side for the insertion of 
wages ticket numbers to be issued 
later on. 

The “specification lists” (Form No. 
6) should next be prepared from the 
“ specification of details ” sheets. These 
lists should give a complete descrip- 
tion of all details required for the order, 
including the number of each article 
required per unit, the description of 
each article, its manufacturing identi- 
fication number, and drawing number. 
These “specification lists” should be 


24— (B.354) 
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bound together in l)ook form and 
constitute a complete specification for 
the equipment under construction. 
The whole of the foregoing constitutes 
preliminary work between the draw- 
ing office, planning office, and the 
stores department, and it remains for 
the requisitions and wages tickets to 
be issued for work to commence in 
the shops. 

From the “specification of details” 
slip (Form No. 4) requisitions and 
conveyance notes (Forms Nos. 7 and 8 
respectively) should be compiled. The 
requisitions should be completed in 
tiiplicate, the original and two counter- 
foils being s(»nt to the shop concerned 
for the purpose of obtaining the 
material from stock. The original 
copies should he sent to the stores and 
then forwarded to the accountant for 
debiting to the appropriate works 
order numbers. One counterfoil of 
each requisition should be retained by 
the shop obtaining the material and 
these sliould be filed away in works 
order and identification nuinber order 
for reference jiurposes, and the other 
counterfoils, after having been signed 
by the foreman or his representative 
in the shop as a guarant(*e of the 
requisition having been received, 
should be returned to the production 
planning office, where they should be 
filed away in a similar manner to those 
filed in the shop. The serial number of 
all requisitions issued should be 
recorded by the planning office in the 
space provided on the right-hand side 
of the “specification of details” slips 
(Form No. 4). 

The conveyance note (Form No. 8) 
should be made out with one counter- 


foil, and should state the order num- 
ber and identification number, quan- 
tity ordered on the requisition, 
description of article, shops concerned, 
where the article is to be delivered 
when completed, and there should be 
columns opposite ea^h shop for the 
date when the article is completed so 
far as that shop is concerned. The 
latter information should be filled in 
as the article leaves the shops. This 
form and counterfoil should be sent 
with the requisition to the shop 
ordering the material. The counterfoil 
should be signed as a guarantee of the 
requisition having been issued, and 
then returned to the planning office, 
where it should be filed away. Tlie 
conveyance note should accompany 
the article in all operations through 
the various shops, and on completion 
of the article should be returned to the 
planning office, where it should be 
filed away with the counterfoil of the 
requisition for that article. 

Wages Tickets 

Immediately following the issue of 
requisitions to the shops for obtaining 
material, the premium or piecework 
wages tickets (Form No. 10) together 
with counterfoils should be typed out 
from the “operation sheets” (Form 
No. 0) for every operation on each 
detail. A counterfoil of each wages 
ticket should be retained in the plan- 
ning office for checking tlie charge 
when the work is completed, and the 
wages ticket should be sent to the 
shops concerned in readiness for the 
work being put in hand. When these 
wages tickets arc sent to the shops a 
horizontal line should be drawn 
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through the issues eoluniii on tlie 
operation sheets by the production 
planning office staff, showing the 
number of units for which tlic articles 
on the wages tickets arc required. On 
the counterfoil of the wages ticket 
should be stamped tlie date of issue, 
so that if the ticket should get mislaid 
in the shops it is easy to see, by 
referring to the slieets, whetlier the 
tickets have actually been issued, and, 
by reference to the counterfoil, to 
ascertain the actual dat(‘ issued, thus 
preventing over-charging to the order. 

As the work is eonijik ted, the wages 
tickets should be returned through the 
planning olBee, where they should 
be inspected and marked off on the 
operation she(*ts, showing that the 
particular operation for the article 
has been carried out, tlie counterfoil 
for the wages tieket being endorsed 
with th(* date charged, and the wages 
tickets being forwarded to the wages 
olliee for payment. It will thus be 
seen that by reference to the operation 
sheets the progr(*ss of the vNork can be 
ascertained at any tim(‘. P or a more 
detailed explanation reference should 
be made to Chapter XX 111. 

Scrap Material 

In all cases where material for an 
order is scrapped, due either to 
defective material or Jiiaehining errors, 
the chargeman on whose s(‘ction the 
article is scrapped should send a “scrap 
material order” (P'orm No. 11) signed 
by his shop foreman, to the produc- 
tion planning office. This slip should 
give the order number, identification 
number, and description of the 
article, the operation during which it 


was scrapped, and the cause. On the 
back of the form should be recorded 
the operations affected, for which 
duplicate wages tickets will have to be 
provided. I'urthermore, an additional 
requisition for lU'w material will be 
required. 

A copy of the scrap material order 
should be prepared by tlu* planning 
olTice and sent to tin* accountant for 
allocation. As the \alue of the scrap 
material will rt‘quire to be credited 
to th(‘ orde r, a credit note (P'orm No. 
12) eov(‘ring it should be made out, 
with two counterfoils, in the planning 
office and tlu' original seait to the costs 
accountant to enable Jiim to credit 
th(‘ ord(T number with the value of 
the mat<Tial. One eountcTfoil should 
b(* filed m the planning office and the 
other retained by the* shop concerned, 
or by the stores department in all 
eases of stock itcans. 

Faulty Workmanship or Rectification 
of Faulty Material 

It should be specially noted that 
whiTe an item is in progress of manu- 
facture and at a certain ojieration it is 
found to l)e defective, none of the 
wages charges up to the time of the 
defect b(‘ing found should be charged 
to the particular order, but a proper 
allocation of the amount involved 
should be made. It is not easy to lay 
down a hard and fast rule as to wh(‘ther 
the contractor supplying the material 
should be held responsibh' for the 
expenditure incurred, which will de- 
pend on the terms of the contract. If 
the article is not a scrap, as for 
instance a steel casting which requires 
rectilication by welding due to 
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porosity, or by straightening due to 
distortion, and this work cannot be 
charged to an outside source because 
the article has been manufactured in 
the works, then generally the amount 
incurred should be debited to the 
appropriate factory order and to the 
shop at fault. 

Where charges have already passed 
tlirough, the new wag(‘s tickets which 


forms for requisitions. Fig. 279 shows 
a combined stores demand and re- 
covery note. In the particular case 
shown the document has been written 
out in the shops, and is a request for 
four new covers from stores and the 
return of four scrap covers to stores. 
The money values have been inserted 
by the accountant. Fig. 280 shows the 
same document after passing through 



arc issued to cover the same opera- 
tions on the replace article should be 
charged specially, in order that the 
charges may be segregated. The 
original wages tickets which have not 
been used in the first ease will be 
available for the replace article. In no 
circumstances sliould a double charge 
for any material or operation be 
permitted. 

Stores Demand and Recovery Note 

It is appropriate to consider here 
that in some circumstances Hollerith 
cards may be preferred instead of 


the accountant’s punching machine, 
and Fig. 281 shows a ‘‘master” card 
with holes correspondingly punched. 

Repetition Work 

Wlienever repetition work is in- 
volved, as for instance stock order 
work, it is strongly recommended that 
for each item a standard planning card 
be prepared giving particulars of the 
material required, classes of machines 
to be used, operations and grades of 
operator required. In this connection 
information of the tvpe given in 
Tables XXII, XXIII, and XXIV will 








MOLLCI 


PRODUCTION PLANNING 


845 


ncfim- 


6 o i:njLU[* ojaamaE 

S«.IH 

ii ^LOCATION CODE 


QTV KATC AMOUNT miCMT 

t fc. 1 ». I I C I Q 


LX] [» 0 1JEI3UJE1J3- 0 0 0 0 ' yi fj 

* 1. 0 4 A 0 I 

_ 0 ®_ CA. W ENCMC WO. ^ 

STORES DEMAND « ^ REcSIeI^ NOTE. 

II-J* 3 

WEIGHT -- OCSCRIfTION 


(alQ^ . 


jSTTV ^ncfifsxr^ 0 

CATALOGUE lnM 


6 ^ 


RECOVERED 

USABLE 


7 0ATE.4iiu..^O^.^r^O..|! 


^ 1 I l/N I ~ » • 4 

1 2 3 4 • « 7 • • 10 ,11 12 13 14 1» 16 17 1« IS 20 71 a >« 34 35 SO 17 23 2* M 31 3t 33 34 36 M 37 M » 40 44 « A* 41 


Fig. 2S0. Caiid shown tn b'lG. 279 aftkk PAssist; thhoihjh Punching Machine 













846 


WOKKS ORGANIZATION AND MANAGEMENT 


be invaluable in the planning office, if it is drawn up as shown in Fig. 282, 
For convenience, explanatory notes the issues columns being used for the 
are given at the foot of eaeh of these insertion of wages ticket and requi- 
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PLANNING AND PROGRESS CARD. 

CAT No 

SHOPS estimate No 


STOCK ORDER No 


QUANTITY 


DATE ISSUED 


DATE COMPLETED 


MATERIAL 

CAT No 

AMAi Jktd. 

Ilj2$ 



Fig 282 Combinkd Planning and Pkoghfss Oaud 


tables. Such tables will also be of 
great assistance in the estimating and 
rate-fixing departments. The planning 
card will also serve as a progress eard 


sition numbers, and the work marked off 
as the operations are eompleted. This 
latter is best done by placing a small 
red mark, thus y/, over the number. 















TABLE XXII 

CuTTiNO Speeds — Turnino 

Feet per 
Minute 

460 

470 

1 

480 

1 

1 490 

1 1 

500 

510 

520 

630 

540 

650 

Diam. in 
Inches 




Kb VOLUTIONS PER M IN DTE 




i 

7028 

7180 

7332 

7486 

7640 

7792 

7944 

8097 

8250 

8403 

th 

5624 

5746 

5868 

5989 

6110 

6233 

6356 

6178 

6600 

6722 

1 

4684 

4786 

4888 

4989 

5090 

5193 

5296 

.53<)9 

5502 

5603 


4016 

4104 

4192 

4281 

4370 

445.5 

4.540 

4628 

4710 

4802 

i 

3514 

3591 

3668 

3744 

3820 

3896 

3972 

40.50 

4128 

4204 

i 

2810 

2871 

2932 

2996 

3060 

3120 

3180 

3240 

3300 

3362 

1 

2342 

2393 

2444 

2497 

2550 

259<> 

2648 

2698 

2748 

2800 

i 

2008 

2052 

2196 

2138 

2180 

2226 

2272 

2315 

2358 

2401 

3 

1756 

1794 

1832 

1871 

1910 

1949 

1988 

2026 

2064 

2102 

H 

1560 

1594 

1628 

1664 

1700 

1732 

1764 

1 1800 

1830 

1868 

H 

1406 

1437 

1468 

1 199 

1.5.30 

1559 

1588 

1619 

1650 

1681 

n 

1278 

1305 

1332 

1361 

1390 

1117 

1441 

1472 

1500 

1528 

H 

1172 

1198 

1221 

1247 

1270 

1 297 

1 324 

1319 

1374 

1401 

H 

1082 

1105 

1128 

1 154 

IKSO 

1202 

1224 

1218 

1272 

1294 

H 

1004 

1026 

1048 

1069 

1090 

1113 

1136 

1 1 56 

1176 

1200 

n 

936 

956 

976 

9i>8 

1020 

1040 

1060 

1079 

1098 

1119 

2 

878 

897 

916 

935 

9.54 

973 

992 

1012 

1032 

1050 

h 

782 

799 

816 

832 ' 

S18 

86(> 

884 

901 

918 

935 


702 

717 

732 

738 1 

744 

770 

796 

812 

828 

842 

n 

640 

651 

668 

681 ! 

694 

709 

724 

737 

7.50 

763 

3 

586 

599 

612 

621 

636 

6.50 

661 

677 

690 

701 

H 

502 

513 

521 

535 

516 

.557 

568 

579 

590 

601 

4 

410 

1.50 

460 

468 

476 

486 

496 

606 

516 

526 


390 

399 

408 

416 

424 

432 

410 

449 

458 

467 

5 

352 

359 

366 

374 

382 

390 

398 

405 

412 

420 


320 

327 

334 

340 

346 

354 

362 

368 

374 

381 

6 

292 

299 

300 

312 

318 

324 

330 

337 

344 

350 

7 

250 

256 

262 

267 

272 

277 

282 

288 

294 

300 

S 

220 

225 

230 

234 

238 

243 

218 

253 

2.58 

262 

9 

194 

198 

202 

207 

212 

216 

220 

225 

2.30 

234 

10 

176 

179 

182 

186 

190 

191 

198 

202 

206 

210 

11 

160 

163 

166 

170 

174 

177 

180 

184 

' 188 

191 

12 

146 

149 

152 

1.55 

1.58 

162 

166 

168 

170 

174 

13 

136 

139 

142 

1 14 

116 

149 

152 

155 

1.58 

161 

14 

126 

128 

130 

133 

136 

139 

142 

144 

146 

149 

15 

118 

120 

122 

124 

326 

129 

132 

134 

136 

1.39 

16 

no 

112 

114 

116 

118 

121 

124 

126 

128 

131 

18 

98 

100 

102 

104 

106 

108 

no 

112 

114 

116 

20 

88 

89 

90 

92 

94 

96 

98 

101 

104 

105 

25 

70 

72 

74 

75 

76 

77 

78 

79 

80 

83 

30 

58 

60 

62 

63 

64 

65 

66 

67 

68 

69 

'll* 

Explanatory Notes to Table XX I J 








Suppose an i 

item is to Ixj turned on a 

face of 14 in. d 

ia. for a ( 

[listanee 

of 6 in., 

one cutting only 

being required and the 

<*utting 1 

■^peed per minute 

> and ijumher of 

feeds per inch being reHj)e<*tively 

510 ft. and 50. 

Then from the table it will be seen that, to give the required cutting sjx 

f‘od, the 

w<»rk must bo revolved at a speed of 139 r.p.ni. 







The total number of revolutions of the work required to ooniploto th<^ ( 

“Utting operation 

is given 

by— 












No. of feeds per inch 

X length of traverse 50 x 6 - 

^ 300. 



Therefore the time required for the actual cutting operation will Ixi — 





Total no 

. of revolutions required 

300 

r 2*16 min. 





Speed of work in r.p.m. 

139 







848 


WORKS ORGANIZATION AND MANAGEMENT 


TABLE XXIII 

Cutting Speeds — Slotting and Shaping 

Ratio — Cutting to Return 2 to 1 


Cutting Speed 
Feet per Min. 

20 

30 

40 

60 

60 

70 

80 

Stroke in 
Inches 

(Cutting Strokes per Minute 

1 

160 

240 

320 

400 

480 

560 

640 

2 

80 

120 

160 

200 

240 

280 

320 

3 

r>3-3 

80 

107 

133 

160 

186-6 

213-3 

4 

400 

60 

80 

100 

120 

140 

160 

5 

320 

48 

64 

80 

96 

1 112 

128 

« 

26-7 

40 

53-3 

66-7 

80 

93-3 

106*6 

7 

22*9 

34*3 

45-7 

67 1 

68-6 

80-0 

9M 

8 

200 

30-0 

400 

60-0 1 

60-0 

70-0 

80*0 

9 

17*8 

26-7 


41-4 

63-3 

62*2 

7M 

10 

16-0 

24-0 

.32*0 

40-0 

48-0 

56-0 

64*0 

ll 

14-5 

21*8 

29- 1 

36-4 

43- 1 

61-0 

68-3 

12 

13-3 

20-0 

26-7 

33-3 

40*0 

46*7 

63*4 

13 

12-3 

18*5 

24-6 

30*8 

36*9 

43*0 

49*1 

14 

IL4 

171 

22-9 

28-6 

34*4 

40*2 

46*0 

If) 

10-7 

160 

21-3 

20-7 

32-0 

37*3 

42*6 

16 

100 

ir«() 

200 

250 

30*0 

350 

40*0 

17 

9-4 

141 

18-8 

23-5 

28*2 

32!) 

37-6 

18 

8-9 

13-3 

17-8 

22*2 

26*7 

31*2 

35*7 

19 

8-t 

12-6 

16-8 

2 10 

26-6 

30-2 

34*8 

20 

8-0 

120 

160 

200 

24*0 

28*0 

32*0 

21 

76 

IM 

16-3 

190 

22*8 

26-7 

30*6 

22 

7-3 

10-9 

14-6 

18'2 

21*8 

2.V.'5 

29*0 

23 

6-9 

10-4 

13-9 

17-4 

20'8 

24-4 

27*8 

24 

6-7 

JOO 

13-3 

16-7 

20*0 

23-3 

26*7 

2r) 

6-4 

9-6 

12-8 

160 

19*2 

22*4 

25*6 

26 

6-2 

9-2 

12-3 

15-4 

18-5 

21*5 

24*6 

27 

fi-9 

8-9 

11-9 

14-8 

17*8 

20*7 

23*7 

28 

r>-7 

8*6 

11-4 

14-3 

17-2 

20-0 

22*8 

29 

.5-5 

8-3 

no 

13-8 

16*6 

19*3 

22*0 

30 

5-3 

8-0 

10-7 

13*3 

16*0 

18-7 

21*3 

Cutting 

Factorw 

160 

240 

320 

400 

480 

660 

640 


KxpJanatonj Notes for Determination of Machine Speed {Table XXIII) 

Each minuto of nmohino tinio dividoci into (wo parts, oiio of which is dovoted to actual cutting 
of tho Tuatorial, and tho other to tho return of the cutting head in preparation for the next cutting 
stroke. 

Tho magnitude of the cutting portion is deriv’od thus — 


Cutting time 


Proportion of time spent in cutting 
/ Proportion of time spent in cutting \ 
\ + Proportion of time spent in return/ 


X Unit time 



PRODUCTION PLANNING 


S49 


and for a machine with cutting/return ratio of 2. 1 this gives — 


2 2 

Cutting time =s — X Unit time = - x 60 sec. = 40 sec. 
2 4" A 3 


To give any prodetermined tutting speed the machine must be adjusted to give a certain number 
of ( utting strokes per minute, and this number of strokes is arrived at by use of a cutting factor. 

This cutting factor actually lopresents the amount of cutting performed pr? minute of machine 
limi , and is arrived at thus — 


Factor = 


Cutting speed requned x Cutting time 
(mches/minutc ) (setonds) 


Unit time (60 see ) 


- - (‘<ay) 


(30 X 12) X 40 
60 


240 in. 


Fiom this figure the number of < utting stroke's pei minute is given by — 


Cutting lac tor 240 

Lengtirof"Sn)ko “ 20 

(me hes) 


12 strokea/min 


Hpti ijic hjcampit 

Suppose an item is to be' sliaped and tliat a stioke of 10 m is rc'quned with a width to be traversed 
by the tool of 6 in , the cutting specvl to bo 30 ft pel minute, and the let'ds jic^r inch to 1)0 30. Lot 
it bo assumed that only one tta\ t isc' of the tool is iu'c*essarv 1'hen Irom the table it w ill be soon that 
the machine must he adpistcnl to give* a spcH'd of 24 c utting itrokc^s pel minute 
The total numhcT of c utting stiokc's is shown b\ 

Feeds pci inch X width to bo traversc'd 
~ 30 \ 6 ~ ISO diokes 

and tlic actual cutting time loi thc' |oh is, therefore. 

Total nurnlrer of cutting strokes required IHO _ _ 

UT — . . — t "" 7 5 nun. 

Niimbc'r of c utt mg btiokos pci minute 24 


Date 


APPLICATION l\m 

Al THOUITV FOR VARIATION 
PKACTUM^] OF MANUFACTUKF 

FROM STANDARD 

Order No 

Fistimatc No 

Shop No 

Standard Operation 

Ident No 

Basis Time 

Proposed Operation 


Basis Tune 

Reason for Vaiiation 



_ , This .. , 

To apply on Older 

* ‘ Future 


Foreman 

Authorized 

Production Manager 

Date 


Fig 283 Authoiuty for Departure irom Standard Practice 
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TABLE XXIV 

Speeds and Feeds fob Dbilling 
High-speed Dbills 


►iam. 

Drill 

Class of Material 

Brass 

120 Feet per Minute 



Feed 

Feeds 

Penotra- 


R.P.M. 

per 

Revolu- 

tion 

per 

Inch 

tion per 
Minute 

J 

3667 

0-003 

333 

11-0 

i’a 

2445 

0-004 

250 

9-8 

i 

1833 

0-005 

200 

9-2 

A 

1467 

0-006 

167 

8-8 

i 

1222 

0-007 

143 

8-6 

I'fl 

1048 

0-008 

125 

8-4 

i 

917 

0-009 

111 

8-3 

t 

733 

0-010 

100 

7-3 

I 

611 

O-Oll 

91 

6-7 

i 

1 

524 

0-012 

83 

6-3 

458 

0-013 

77 

6-0 

H 

407 

0-014 

71 

5-7 

H 

367 

0-015 

67 

5-5 

If 

333 

0-016 

63 

5-3 

if 

306 

0-016 

63 

4-9 

if 

282 

0-016 

63 

4-5 

If 

262 

0-016 

63 

4-2 

if 

244 

0-016 

63 

3-9 

2 

229 

0 016 

63 

3-7 

2f 

204 

0-016 

63 

3-3 

2f 

183 

0-016 

63 

2-9 


Explanatory Notes to TabU XXIV 

Thus, if a holo of, Ba>, 1 in. diainotor ih to be 
drilled to a depth of IJiii., the tune nujuired 
per hole for cuttuig is detenu mod fiy 

Depth of hole — inches 

Penetration — inches per minute (from Table) 
=- ^ 0-25 inin. 


Departure from Standard Practice 

If for any reason the shop super- 
visory staff desire to depart from the 
practice laid down, application to do 
so should be made by them on a form 
of the type shown in Fig. 288. The 
reasons advanced may be (1) lack of 
correct material, (2) absence of oper- 
ator with the agreed rate, (3) break- 
down of machine, or (4) urgency of 
work. In all cases authority for tht* 
departure from the standard practice 
schedule should first be obtained 
through the medium of the production 
engineer or his responsible assistant. 

Personnel Requirements 

Lastly, a word about the personnel 
of the planning odiee. The staff will 
comprise both te(*hnieal and ehTieal 
grades. If the planning is to be 
su(*eessful the technical staff must of 
necessity be individuals with a very 
complete practical knowledge of the 
equipment available, as well as of its 
capacity and relative edieiency. The 
clerical requirements call for one or 
^wo key men, in addition to whom 
girl clerks and typists whose ^^ork can 
be consistently relied upon (thus 
avoiding a large amount of cheeking) 
\vill be adequate. 



CHAPTER XXIII 

PROGRESSING AND SCHEDULING 


Relationship of Progressing to 
Scheduling 

Systematic progressing is synony- 
irious with intelligent scheduling. Ex- 
pressed in anotluT way, systematic 
progressing for all productiv e activities 
of a factory can only be earned out 
by the adoption of an all-cnibraeing 
system of scheduling. 

Perhaps nowhere in the concern 
does one ex])erienee the jmlsating 
activities, with which e\ery pro- 
gressive factory abounds, to a greater 
degree than when dir(‘ctlv associated 
with the ])rogr(ss olliec. Progressing 
should, however, be carried out rnetho- 
dieallj, and the piogressinen should 
never race round the works in a hap- 
hazard “hit or miss” manner to 
ascertain wh(*tlier this or that is done 
or IS in hand, the gr(*at(‘r part of th(‘ 
information gleaiu‘d being recorded 
only in their owui minds. Nor should 
progressing become a matter of habi- 
tually instructing foremen to put work 
in hand immediately, as such a course 
must inevitably be taken at the ex- 
pense of other work, which it must 
be assumed was only commene(*d just 
soon enough to ensure economic de- 
livery. Neither of these is progressing. 
Rather are they conclusive proof that 
the organization leaves a good deal to 
be desired. 

Progressing of work should mean 
the carrying out of a considered, pre- 
determined plan, based on previous 


experience of similar WTirk, or on an 
intelligent estimate of what is in- 
volved, having regard to iiromised 
delivery dates. There* are many differ- 
ent wajs in w^hich work can be satis- 
factorilv seheduleel. 1'h(‘sc include the 
use of tJantt charts, progr(*ss boards, 
and progress “slide* rule s,” all o{ w'hich 
have their merits. 

Gantt Charts 

Brief refeTcnec was nuiele in Chap- 
teT I to the aelv milages to be derived 
from the preiper use eif charts and 
graphs. The (Jantt type of chart was 
iiitreidueeel b\ Mr. Henry L. tJantt, 
one e)f the pion(‘eTs in the de‘vele)pment 
e)f the se*i(‘ne*c of management. It is 
jirobably the most wielely useel eif all 
charts, as its principle s e*an be applieel 
to any human aelivit v . lireiaelly speak- 
ing, it falls into four classes as folleiws : 
(1) loael charts, (2) preigrcss charts, 
(8) layenit charts, auel (4) man and 
machine* re enirel charts. 

In all cases a elivision eif space 
represents bedh an amount of time 
anel an ameiunt of weirk to be elonc in 
that time, anel lines drawn horizein- 
tally thremgh that space show the 
relatiem eif the amount of work actually 
deme in that time to the ameiunt 
scheduleei. This is the distinctive 
feature of the Gantt chart. Symbols 
are used in conjunction with this type 
e)f chart, the more important being 
given in Fig. 284. The size of sheet 


351 
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THE GANTT CHART 
Standard Codes Used (Letters) 


Questions to Deteriniiie the Chief 
Reason for Failure to Work to Plan 

Code 

Letters 

To he anked in order as shown — 
MACHINE RECORD CHART 

Is the machine ready to run ? 

R 

Is there an order for the machine ? 

O 

Is there material to be worked on ? . 

M 

Are there tools ? . . . . 

T 

Is there power to nin the machines? 

P 

Is there an operator for the ma(‘hine ? 

H 

MAN RECORD CHART 

Was machine in good condition ? 

R 

Wore tools, fixtures, etc., available 
and in good condition ? 

T 

Was the opc^rator given proper instruc- 
tions and sufficient information? . 

L 

Was trouble experienced with mate- 
rial? ...... 

M 

Was operator recently introduced to 
the job? ..... 

N 

Was operator too slow ? . 

IT 

Was the lot smaller than the antici- 
pated ordering quantity ? 

S 


Fia. 284. Symbols Used in C>oNNKrTiON 
WITH Gantt Charts 


reconiniended for all (iantt charts is 
one measuring 10 in. X 10 in. 

If we take a specific case and con- 
sider a load chart for a group of boring 
mills in a machine shop, wc get the 


type of chart shown in Fig. 285. The 
thin horizontal lines denote the actual 
time when the machines were working. 
The heavy horizontal line in column 1 
represents the total work done by all 
the mills, wdiilst each of the other 
thick lines gives similar information for 
individual mills. 

Next consider the progress chart. 
Fig. 280. This indicates the progress 
made in the manufacture of a number 
of details on a specified date — in this 
case on 6th May. The symbols f" and 
show the scheduled comnieneing 
and finishing dates respeetiv^dy. 

As a further example of the use to 
wdiich the Gantt chart may be put, 
it will be convenient to consider here 
a machine record chart in which is 
set out tlu* relation between what is 
accomplished and what could have 
been accomplished by the machines in 
a particular department, as shown 
clearly in Fig. 287. 

The number of main divisions re- 
quired on a Gantt chart will depend 
entirely on the type of rc'cord, and 
subdivisions will be dependent on 
the period of time covered, (‘.g. if one 



Fia. 285. Gantt Load Chart 




PROGRESS CHART 



Fio. 280. Gantt Phcmjrk^s Ohaht 


Maximum Capacitv - 10,000 Hours per Wcek. Forgino d ept 



Fio 287. Gantt Maohine Hkioiid Chaut 


/ PROGRESS OFFICE \ 



SCHEDULED COMPLETION DATES OF COMPONENTS 



Fia. 288 . Pbooress Board 
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main division covers one day of 9 
hours’ duration, then four equal divi- 
sions and one division half the width 
would best meet the ease, each of the 
four divisions representing 2 hours and 
the smaller division 1 hour. 

Progress Boards 

Although these may be of many 
different types, it is suggested that 


thirty sets of steel castings are re- 
quired at the rate of five sets every 
four weeks, then six cards, each about 
2 in. square, should be made out giving 
brief particulars of the order and the 
date required for five sets, the cards 
being plaeed on the hooks correspond- 
ing to the dates on the cards. In this 
way nothing of importance is over- 
looked, irrespective of whether it is to 


PROGRESS OF WORK 



Items completed shown thus 



Fto 289 Fro«ht 3SS or Woiik Chart 


one on the lines mdieated in Fig. 
288 will have considerable practical 
value. Ther(‘ shoidd be as many 
different sections on the board as 
are necessary in this ease five, i.e. 
“Brass Castings,” “Iron Castings,” 
“Steel Castings,” “Steel Forgings,” 
and “Miscellaneous.” 

The top portion of the board covers 
a period of six months arranged in 
weeks, and the bottom portion tliree 
months arranged in days, a loose plate 
bearing the name of the month being 
used so that it may be reversed and a 
later month indicated. Supposing that 


be manufactured in the works or pur- 
ehas(‘d from the trade. 

If, when the seheduk'd date is to 
hand, the eastings are still outstand- 
ing, the card should be removed and 
plaeed at th(‘ bottom of the board 
on the hook corresponding to the 
actual day when the eastings wer(^ 
anticipated as indicated on the card. 
The lower portion of the progress 
board can also be used effectively as 
a reminder of any verbal arrangement, 
a card being made out and plaeed on 
the division corresponding to the 
promised delivery date. Thus there is 
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a constant reminder available of what 
is outstanding, and suitable action 
may be taken. Even the best man in 
the progress office cannot remember 
every decision or promise made ! This 
arrangement has the add('d advan- 


tage of putting on record facts which 
might be overlooked in the absence 
of the person or persons originally 
eoneerned. 

A board of this type is particularly 
useful where large numbers of works 


ERECTION OF DIESEL LOCOMOTIVES 




Day on 

which component is required 

Description of Unit 


1st 

Day 

2nd 

Day 

3rd 

Day 

4th 

Day 

5th 

Day 

6th 

Day 

7th 

Day 

8th 

Day 

Frames . . . . 

Frame Angles . 

Frame Stretchers 

Front and Hind Gussets . 
Platform Supports . 

Spring Link Brackets 
Generator Girders . 










Buffer Beams and Gussets 
Platform Plates 

Running Angles 

Traction Motor 

Diesel Unit 










Gear Case 

Jackshaft and Bearings . 
Cantrails 

Radiator and Fittings 

Fuel Tanks and Fittings . 
Locomotive Cab 

Brakework 

Springs and Links . 
Battery Boxes 

Sandboxes 

Pipes .... 
Axleboxes 

Wheels .... 
Connecting and Coupling 
Panel Control 

Jackshaft Lubricator 

Brake Control Gear 
Oilboxes and Pipes 










Rods 







i 

■ 


Fio. 290. Proorehs “Slide Ritle” 
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orders, differing in charaeter, are 
always in hand. 

Progress Charts 

Perhaps the most simple form of 
progress chart is that shown in Fig. 
289. It merely shows what has actu- 


ally been completed. It is very handy 
for quick reference, and when used in 
the shops, arrangements can be made 
for tlie various section foremen to 
record the completed work for which 
they are responsible, the chart in such 
cases being entered up daily in the 
chief foreman’s office. 

Progress Slide Rules ’’ 

Much can be said in favour of the 
various forms of “slide rule” used in 
connection with progressing work. 
Fig. 290, which illustrates the simplest 
type, shows items required for erection 


on the first day, the second day, and 
so on until completion. Where de- 
sired, the time of the day can be em- 
bodied in the scheme. 

A rotary scale, as illustrated in 
Fig. 291, is sometimes preferred. It 
consists of two circular discs pivoted at 
the centre, the smaller of which 
is capable of being rotated 
relatively to the other. In the 
example shown the smaller disc 
gives the days of the week 
divided into hours, based on 
47 hours pcT week, and the 
out(T scale gives divisions, 
numbered 0 to 18, each of 
which can be considered to 
represent a definite stage in 
the assembly of a large marine 
(‘ngine, the distance between 
the numbers being proportional 
to the time to be spent upon 
each stage of erection. Thus, 
supposing erection commences 
on Monday at 10 a.m., the 
inner disc should be set so that 
Monday at 10 a.m. coincides 
with the zero point on the 
outer disc. It can then be seen that 
Stage 1 should be completed on 
Monday by 10.f30 a.m.. Stage 2 by 
2 p.m.. Stage 3 by 4 p.m.. Stage 4 by 
10.30 a.m. on Tuesday, and so on, 
the engine being finally completed 
(showui as “Engine Out”) on the 
following Monday at 3.30 p.m. 

These “slide rules” can be made 
suitable for pocket use as well as for 
shop use. 

Method of Recording Ciompletion of 
Work 

One thing is certain — the progress 
office should w^ork hand in hand with 
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the production planning office, and 
they should preferably be located 
together. If for any reason they arc 
separately controlled it is more im- 
portant than ever that they should 
be in the closest proximity. The one 
is the complement of the other and, 
even though it may be rightly assumed 
that there is no overlapping, it is 
difficult to say where one section 
begins and the other ends. 

The ^alue of this collaboration will 
be realized if arrangements arc made 
for all wages documents to pass 
througli the production planning 
office on their return from tlie shops 
to tlie accountant and, therefore, 
wlien tlie work has been actually 
carried out. If this is done and the 
particular operations in tlie operation 
sheets are marked, it will be possible 
at any time to sec how far any work 
has progressed. Th(‘ procedure should 
be as follows — 

All wages tickets should be sorted 
into works order number and manu- 
facturing identification number ordcT. 
The counterfoil of each w^ages ticket 
should be abstra(‘ted from a drawer, 
in wdiieh counterfoils arc filed in 
wages order number, manufacturing 
identification number and wages tick(‘t 
number order, and should be paired 
up with the original ticket. All wages 
tickets and counterfoils should then 
be checked and any temporary times 
entered on the counterfoils, after 
which the cards should be “franked” 
and passed on to the wages office for 
payment to be arranged. 

The counterfoils should next be 
stamped with the “week ending” on 
which the cards were charged, sorted 

25 — (B 354) 


into order number, manufacturing 
identification number and operation 
order, and suitably marked off on the 
operation sheets, or the standard 
planning cards, which will then show 
the progress of tlie work performed on 
any article up to date. Finally the 
counterfoils sliould be filed away in 
drawers until the order is closed, when 
they should be destroy (‘d, the opera- 
tion slieets being r(*tain('d ns a per- 
manent record. Hearing in mind that 
the mar-king must be done currently, 
as th(‘ payment of w-nges cannot be 
delayed, it will be seen that tlu- record 
which is created will prove invaluable 
both during the current production 
{irogramme and for refiTcnce when 
drawing up future schedules. 

Procedure for Progressing Stores 
Stock Orders 

A stock order is a particular type 
of w'orks order issued for one or more 
standardized items to be manufac- 
tured in the works and placed in 
stock. Such stock may be required 
in connection with a saleable product 
or for subsequent use in the works. 
As far as is reasonably practicable, 
stock orders should be dealt with in 
date order, adequate and systematic 
attention thus being gi\en to the 
stock order position and many delay 
problems being solved. In the pro- 
duction planning office should be a 
stock order section which registers 
and controls all stock orders issued. 
If, for any reason, the shop or shops 
involved consider that the quantity 
ordered on a given stock order is 
uneconomical from a manufacturing 
point of view, the stock order should 
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be returned to the production planning 
office with a note attached stating 
that the ordering quantity should be 
in multiples of a certain minimum 
number. 

It is particularly desirable that on 
the same day as the stock order is 
received in the shops the requisitions 


for the material required should be 
sent to the storekeeper. If this is 
not done unnecessary delays may arise 
in obtaining the material when it is 
proposed to commence work on the 
stock order. 

A combined planning and progress 
card (see Fig. 282 , Chapter XXII) 
should be maintained in the produc- 
tion planning office giving a complete 
record of any particular item. Where 
it is preferred that requisitions and 
wages documents should be prepared 
in the shops, instead of in the pro- 
duction planning office, a duplicate 


copy of the master card will be re- 
quired in the shops. Such a card 
record will prove invaluable in any 
works’ organization, and on the as- 
sumption that the planning depart- 
ment staff are located with those of 
the progressing department, it will be 
found that the latter will frequently 


refer to it and by so doing avoid over- 
loading of certain machines or sections. 

The procedure which is recom- 
mended so far as stock orders are 
concerned is as follows — 

Stock orders in duplicate should be 
issued by the storekeeper as required, 
according to the maximum and mini- 
mum stock agreed for the particular 
item involved. The requisitions and 
wages tickets should be issued to the 
works by the production planning 
office within twenty-four hours, the 
counterfoil copy being retained in the 
production planning office. In the 
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No. 


Charge 


Shop Date 

Material to bo delivered to 
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to complete order 
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Charge on Account 


Tons C. Q. lb. Kate £ j?. d. 


Date received in store 
Received by 


Fig. 292. Material Delivery Note 
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event of a stock order requiring any 
alteration it should be returned to the 
production planning office, which office 
will in turn pass it back to the store- 
keeper. In no circumstances should an 
alteration or addition be made by any 
member of the works’ personnel. 

Where orders have had work 
charged to them, but it is not con- 
sidered by the stores department that 
the whole or the balance of the de- 
liveries is necessary, these orders 
should be closed at the deliveries 
already made into stores. Incomplete 
articles should be cheeked with work 
in progress in the stock order account. 
The order should then be closed and 
the disposal of the material, which 
should agree with th(‘ work in progre^ s 
in the stock account, should be dealt 
with by the storekeeper. In all cases 
a delivery note, Fig. 292, which agrees 
with the quantity being dispatched, 
sliould be made out and accompany 
the material to the stores department. 
When the stock order is completed the 
stock order itself sliould be attached 
to the final delivery note. 

Delivery notes should not be used 
for passing material from one shop 
to another; the correct procedure 
is to attach to the material a label. 
Fig. 293, wdiich giv(‘s the essential 
particulars. The expeditious liandling 
and completion of stock orders must 
always be regarded as an important 
phase of production planning. 

Irregular Practices 

It is suggested by some that details 
completed in any one shop can be 
appropriated by another before being 
sent into stock. Such a practice has 


no logical foundation and can never 
have the support of an intelligent 
management. Advocates of such mal- 
practices may ask whether it is 
preferable to have the “paper” side, 
as it is so often referred to, kept 
straight or whether it is better to pass 
work through the shops in a minimum 
of time. The reply is that both 
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aspiets are ecjually irnjiortant and 
neither should be exploited at the 
expense of the other. If at any time 
it can be made a matter of con- 
venience, on the pretext of urgency, to 
break dow n an established system, one 
may wonder whether there is any need 
for a stores department at all ! 

The stor(‘keeper plact's the orders 
and, as he deals with all demands, it is 
for him to say where the items should 
be sent. It is the responsibility of the 
shops to ensure an adecpiate supply. 
It is a shortsighted policy to imagine 
that short-circuiting always ensures 
early completion. Such a practice can 
only lead to chaos and cause additional 
delays in the works as w’cll as else- 
where, and eventually the works arc 
bound to b(* the losers. Moreover, it is 
generally uneconomical to manufac- 
ture small quantities to meet imme- 
diate requirements. The works should 
make every endeavour to fulfil their 
commitments as presented by the 
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storekeeper. It is not for them to try 
to do the storekeeper’s work. If, when 
they have put their own house in 
order, they still have reason to com- 
plain, there is a proper channel by 
which their grievances can be aired 
and a remedy found. 

Flow of Work 

Almost invariably it is more econ- 
omical to bring the work to the operator 
than for the operator to move to the 
work. Exception to this rule should 
only be made in those instances where 
it is altogether impracticable, as in the 
construction of a large liner. There is 
much to be gained by the method 
suggested, and the modern general 
tendency in this direction is sufficient 
proof of its soundness. 

Work Points Overloaded 

Where a variety of articles or 
operations has to be dealt with, it is 
worth while to obtain a large scale 
plan of the shop and to draw on it, 
in different colours, tlie routes taken 
by each article. If a number of these 
lines converge' at (‘crtain machines or 
other points it may readily prove, if 
taken in conjunction with the time 
required for the productive operation, 
that there is some congestion, and 
consequent delay, either because the 
layout requires revision or because 
additional machines or men are re- 
quired at these points. 

Contmuous Working 

There is at least one well-known 
firm which has been running its large 
factory for 24 hours a day and giving 
its employees a 6-hour day. It is 
paying higher w^ages than the average 


factory and has greatly increased its 
sales and net profits. This all tends to 
prove the profit-making magic of oper- 
ating machinery for 24 hours a day. 
There is no other way whereby so much 
profit can be made in manufacturing. 

Everyone knows that the profits of 
any factory, where expensive plant 
and machinery are used, depend most 
of all upon the actual wwking time of 
the machines. When the machines 
work for 144 hours a week, as they do 
in some factories, higher wages are 
frequently possible. When the 
machines work for only 47 hours a 
week, as is more usual, the cost of 
production is inevitably higher. 

A machine can do a certain amount 
of work, and the sooner it does it the 
better. That is a rule of manufacturing 
which is worthy of consideration. 
There is one proviso — ^namely, that 
partial working of a shop or depart- 
ment does not lu'cc'ssarily rc'sult in 
economical working. 

Space Requirements 

Where the erection of large units is 
carried out requiring a definite alloca- 
tion of space for each unit, it is possible 
to introduce a simple formula consist- 
ing of three variables, so that if any 
two of the variable elements are 
decided upon the third can always be 
ascertained. Thus, if 

No. of Pits N 
Wookly Output = O 
Tirnt* (in weeks) to b<» taken per unit — T 
N 

then T - — weeks 

This is an extremely useful formula, 
and is consequently well worth 
remembering. 
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Late Deliveries of Material 

Late deliveries, whether they be due 
to internal diffieulties or mishandling, 
or whether they involve outside eon- 
tractors, are always a genuine source 
of annoyance and frequently result in 
uneconomic production. Occasional 
trouble should be overlooked without 
an “inquest” being held if the reasons 
given appear to be sound, but if the 
trouble is the result of repeated failure 
then it is recommended that a graph, 
drawn up on the lines shown in Fig. 
294, should be prepared and brought 
to the notice of the production 
engineer. 

Daily Progress Meetings 

Ih’ogressing and scheduling arc defi- 
nitely managerial funetions, and when 


once a reliable production programme 
has been drawn up the work of keeping 
the information up to date is largely 
clerical. In a large works a maximum, 
say, of two progressmen, who should 
be technical staff attached to the 
progress oflice, should be sufficient to 
keep in touch with and co-ordinate the 
various manufacturing departments. 

A short daily meeting, commencing 
say at 10 a.m., between those most 
closely concerned with actual produc- 
tion work, has much to commend it. 
It is important, however, that the 
number attending should be kept small 
and that the discussion should not 
develop into excuses for non-com- 
pletion of work, but that it should tend 
to promote a good team spirit as 
well as to ensure economic production. 


Ilusfle ift not tvork, hut the enemy oj'worl. 

Arnold Bennett. 



CHAPTER XXIV 

INDUSTRIAL STANDARDIZATION 


Extensive Application 

At first the word standardization 
suggests something whieli is dull and 
monotonous and which brings us to a 
dead low level of uniformity. A little 
consideration will, however, show that 
this is a mistaken idea. As a case in 
point, ordinary 9 in. x 4^ in. x 3 m. 
bricks have been standardized for 
generations and yet architects have 
had it in their power both to offend 
and to pleas(* the eye, depending on 
whether they have made bad or good 
use of the bricks m their designs. 
Furthermore, can anyone believe that 
the imagination and eonstructivc^ 
ability of the consulting engineers 
responsible for such vast works as th<‘ 
Sydnev Harbour Bridge or the Mersey 
Tunnel has been in the slightest degree 
adversely affected by such standards 
as have been produced? There is 
probably no other industry in which 
there is so much “working to rules, 
regulations and standards ” as in 
locomotive construction, yet the pro- 
fessional men in that business continue 
to design new engines, and their 
engineering status is not by any means 
“at a low level of uniformity.” 

Industrial standardization does in- 
deed cover a very wide field. There is the 
fixing of dimensions for interchange- 
ability, e.g. the case of the domestic 
electric light bulb. There is the reduc- 
tion of diversities in articles intended 
for one and the same purpose, e.g. the 


sectional material speeitieations, and 
there is the quality of materials, 
regarding which a great number of 
national agreements have been reached 
under the standards organization. 
Again, there is the question of the 
pirformanee of machinery, to ascer- 
tain, for examph*, whcth(*r a so-called 
100 h.]). electric motor will produce 
the power expected of it. There is 
also the qu(‘stion of factors of safety 
in (ksign, construction and installation 
work, the primarj object Ixing the 
safety of the ])ublie and wxirkers by 
the provision, through nationally 
agreed standards, of adequate strength 
and appropriate' quality of materials. 
Considerable work has b(*cn carried 
out on these lines by the Standards 
Committees, in some cases at the 
specific requ(‘st of tiu' Home Oflice, 
and with th(‘ full concurrence and 
active support of industry. 

Development of the British 
Standards Institution 

In 1900, Mr. II. J. Skelton, engineer 
and stc(‘l merchant, read a jiaper to 
the British Iron and Steel Association 
advocating the reduction and stan- 
dardization of st(‘(‘l sectional material. 
In the following year. Sir John Wolfe 
Barry, impressed by that paper, ap- 
proached the Council of the Institution 
of Civil Engineers, and a committee 
comprising eight leading engineers was 
appointed. Kindred societies were 
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approached, viz. the Institution of 
Mechanical Engineers, the Institution 
of Naval Architects, the Institution of 
Electrical Engineers, and the Iron and 
Steel Institute, and a general com- 
mittee was formed. This committee 
appointed a sectional committee, with 
three sub-committees to deal with 
sectional materials for use (1) on 
bridges, (2) on railway carriage under- 
frames, and (8) in shipbuilding and 
marine engineering. These sub- 
committees called in representatives of 
the Admiralty, the Board of Trade, 
the Classifleation Societies, steel manu- 
facturers, and independent experts, 
and, working independently and then 
jointly, prepared a list of each type of 
section, numbering in all 16G. It was 
found that the rolls in British steel 
works approached 300 different sec- 
tions. Standard test pieces, methods 
of testing and standard tests were 
decided upon, and the list was iirst 
published in 1903. In 1914, a revision 
of the specification let! to an increase 
to 174 sections, but after the Great 
War another revision in 1919 reduced 
the list to 113. 

By 1905 there were thirteen sec- 
tional committees, with a large num- 
ber of sub-eonmiittecs, totalling some 
250 persons. To-day there are over 
1000 eonunittecs of all kinds consist- 
ing of nearly 6000 architects, chemists, 
engineers and other professional men 
throughout the country, who give their 
time and experience freely to this 
national work. 

In 1918, the Engineering Standards 
Committee was incorporated prin- 
cipally in order to be able to administer 
a standard mark of the British Engin- 


eering Standards Association. In 1929 
a Royal Charter was obtained, -the 
scope being unaltered, and the main 
committee became the council. Later 
a demand was made for an extension 
of its scope by the inclusion of the 
building and chemical industries. 
Hence a supplementary Charter was 
obtained in 1931, which enabled the 
council to carry out the Ottawa 
decisions and promoted the desire for 
only one Central Standards Associa- 
tion for each part of the British 
Empire. It became the British Stan- 
dards Institution, with a general 
council and divisional councils for 
engineering, building and chemical 
industries, and provision for a textile 
council. 

Objects of the British Standards 
Institution 

The principal objects of the Institu- 
tion are, in its own words: “To 
co-ordinate the efforts of producers 
and users for the improvement, stan- 
dardization and simplification of 
engineering and industrial materials. 
To simplify production and distribu- 
tion. To eliminate the waste of time 
and material involved in the produc- 
tion of an unnecessary variety of 
patterns and sizes of articles for one 
and the same purpose. To set up 
standards of quality and dimensions, 
and promote the general adoption of 
British Standards. 

“In all its endeavours the Institu- 
tion maintains the community of 
interest of purchaser and producer. It 
does not embark on any work without 
first ascertaining that there is a con- 
sensus of opinion in favour of its being 
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proceeded with, and that it is to fulfil 
a recognized want. This national work 
is carried on largely by means of 
grants received from the Government, 
professional institutions and industrial 
and trade organizations, as well as by 
sales of its publications. The amount 
derived from these sources is, however, 
not sufficient, and the Institution has 
to look to industry as a whole for the 
further funds necessary to enable it to 
meet the increasing demands made 
upon its organization. Membership of 
the Institution is open to Britisli 
subjects, companies, technical and 
trade associations, and local and 
public authorities. The Institution is 
not a profit-making concern, its only 
expenses being staff salaries, ofiiee 
expenses and printing.” 

The affairs of the Institution arc 
governed by a (huieral Council on 
which industry is fully represented, 
and on which are also repr(‘scnted the 
Board of Trade, the Department of 
Scientific and Industrial Research, the 
National Pliysical Laboratory, the 
Federation of British Industries and 
the Association of British ('harnbers of 
Commerce. The Institution is in direct 
touch with the standardizing bodies in 
foreign countries and participates, 
directly or indirectly, in the work of 
international standardization as and 
when industry so desires. A copy of 
the handbook of the British Standards 
Institution should be in the hands of 
all engineers. 

Any request for a British Standards 
Institution specification must come 
from an authoritative source, must 
give evidence that the producers 
and users are prepared to co-operate, 


and that the necessary funds for 
carrying out the work are forthcoming. 
Periodical review and revision is under- 
taken to prevent crystallization and to 
keep the work abreast of progress, and 
no coercion whatever is. allowed by 
one section of the community over 
another. Thus the priiu'ipal object of 
standardization is to discourage the 
use of varying specifications when one 
standard specification will serve the 
purposes to the advantage of industry 
as a whole. Any individual or group 
of individuals has the right of appeal 
to the (Jeneral Council. 

Co-operating Organizations 

The Mechanical Industry Committee, 
under whoso supervision many British 
standards are prejiared, consists of 
representatives of the following 
Government departments and scien- 
tific and industrial organizations — 

Admiralty. 

Crown Agents for the Colonies. 

Department of Scientific and Indus- 
trial Res(‘arch. 

High Commissioner for India. 

II.M. Office of Works. 

Home Office. 

Ministry of Transport. 

War Office. 

Agricultural Engineers and Road 
MaehnuTy ManufacturcTs’ Association. 

British Chemical Plant Manufac- 
turers’ Association. 

British Electrical and Allied Manu- 
facturers’ Association. 

British Engineers’ Association. 

British Iron and Steel Federation. 

Institution of Automobile Engin- 
eers. 

Institution of Gas Engineers. 
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Institution of Heating and Venti- 
lating Engineers. 

Institution of Meehanical Engineers. 

Locomotive Manufacturers* Associa- 
tion. 

Machine Tool Trades Association. 

Railway Companies of Great 
Britain. 

B.S1. Standards 

Up to the present time nearly 1,000 
British Standard Specifications have 
been issued. Nowadays, therefore, 
tliose who have the responsibility 
for selecting the standards to be 
used in design biggin with the great 
advantage of a wide range of B.S.I. 
standards which liave a general 
acceptance. These general standards 
may be supplemented by the par- 
ticular standards for which business 
calls. A simple example is that of 
the ordinary bolt. This may have 
the head and screw thread com- 
plying with a general standard, whilst 
that portion of the shank which follows 
between the head and \ho screw thread 
may comply with a particular standard. 
All too frequently experience shows 
that particular standards are adopted 
when general standards would fully 
meet the ease at a lower cost. 

An excellent application of a general 
standard is the use of colours for dis- 
tinguishing pipes, ducts, and cables 
according to the service to which they 
are put, details of which are given 
in Chapter IV. 

Standardization requires the exer- 
cise of constant vigilance both inside 
and outside the works if the best 
results are to be obtained. There are, 
indeed, many trade and individual 


manufacturers’ standards which are 
not any too well known, and it is good 
practice to inquire of manufacturers 
whether such standards exist before 
inviting quotations. 

Standard Design 

Apart from the question of whether 
the standards to be adopted are 
general or particular, the majority of 
engineering works use many stan- 
dardized details of their own design, 
and these standard details are coded 
and classified in such a way as to be 
readily available for the use of their 
draughtsmen, as wtII as of their shop 
staff. Fig. 295 is suggested as pro- 
viding a suitable chart for standard 
bolts, thc‘se to be referred to on all 
drawings in the manner shown. (*opies 
of this chart should be framed and 
hung in prominent positions in the 
shops. Standard details may refer to 
single components such as screws and 
bushes, or to assemblj^ units such as 
ball races and lubricators, or even 
more specialized details such as car- 
burettors, particularly when purchased 
from an outside source. 

As well as in the design of the 
product, standardization may have 
equally valuable application in such 
matters as tool design, administration 
routine, printed forms, and containers. 
Fig. 296 suggests items suitable for 
consideration as office standards,whilst 
Fig 297 is itself a standard form for 
inter-departmental use. Even the 
planning of individual responsibilities 
may be recognized as a form of 
standardization, a standard being in 
essence a specification or definition of 
an activity or of an article. The 



INDUSTRIAL STANDARDIZATION 


867 


frequency with which the standard is “rule of thumb” management, the 
put into practice is a different matter action on a problem only being 
and should never be confused with the secured when occasion arises. On each 
formulation of a standard in the first occasion it is thought out separately, 
instance. Obviously the more frc- with various interpretations of methods 


STANDARD BOLTS & STUDS 



Fig. 29.^). Chart for (^)r)iNG of Si ggiotfi) Standard F^olth 


quently the standard is used the 
greater the resultant benefit. 

Standard Practice Instructions 

It is an accepted fact that many 
achievements in ancient civilization 
were lost because of the absence of the 
means of recording. The same often 
applies to-day in industry under a 


according t<^ the individual. Accord- 
ingly, standard practice instructions in 
any conccTii indicate a tendency on 
the part of executives to think clearly 
and with some definite plan. They 
have many applications, some of 
which are — 

(1) Giving orders through proper 
channels. 
















OFFICE STANDARDS 


Printing Standards 


Method Standards 


Equipment Standards 


Forms 

Standardization of forms as to 
size, weight, colour, stock, typo- 
graphy, and manufacture. Secur- 
ing approvals of revisions and new 
forms to comply with set standards. 


Master Set 

Control of mast^er set of flies and 
data cards covering all forms, and 
keeping same complete with latest 
available iidormation. 


Filing 

Designing systems for special require- 
ments. Standardization and centraliza- 
tion. Surveys, layouts, recommenda- 
tions. Indexing, filing, and re-filing. 


Eegord Destruction 
Suiveys of record storage and organ- 
izing reconI destruction “lirives" to 
oftset requisitions and additional space 
and storage equipment. 


Ofi-k'B Space Assignment 
Analysis of space requirements. Plan- 
ning details of moving oiiices, with 
recommendations to departments con- 
cerned. (’o-ordination of dei)artmental 
efforts in space assignments 


Office Machines 

standardization; functional record of 
machines ; guarantees ; durability, 
portability, repair service, maintenance 
costs, production capacity. Selecting 
least expensive machines and appliances 
best suited to each type of work. 


Furniture 

Standardization. Selecting least ex- 
IHjnsive furniture best suited to each 
type of work. 

Stationery 

Making tests of various selected items 
of stationery to definite standards in 
co-operation with the Purchasing 
Department 


Correspondence 

Restricting to essentials; iinifoniutv , 
rules lor handling; reducing pre.sent 
cost of correspondence and documents 
by introduction of labour-saving de- 
\ ices. 

Fia. 206. Chart showing Items suitable for Consideration as Office Standards 


Your Ilef. 


Office, 

My 

Rof. 


19 


ISubjoct 




(Soo paragrajdi No. 

below) 


1 

1 enrlose 

as 

requested 

2 

I liavo not riu'eivod your I’oturn as above for 

Please send on all speed. 


;i 

nea.se return enclosed with your [ roinarks. 




1 report. 



4 

Ideaso note j for your information and attention 




1 and return papers 



5 

1 have perused and liorowitli return your papers 

with particulars as requested 


6 

Have you yet recoiv’'ed 

- 


7 

You may file papers. 



8 

Please keep on hand for the prestuit. 



9 

Your letter of 

has 

attention. 

10 

Please reply to ray letter of 



11 

12 

The return as above is Nil. 



Mr. 


(Signed) 



Fig. 297. Standard “Omnibus” Form for Inter-departmkntal Use 
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(2) Indicating lines of authority. 

(8) Describing methods of procedure 
(inter-relationship of two or more 
persons). 

(4) Calling attention to changed 
conditions (transference of functions, 
etc.). 

(5) Defining responsibilities (gen- 
eral and particular). 

Their advantages are perhaps even 
more eoTierete in eharaeter. 

(1) They arc not likely to be mis- 
understood or forgotten. 

(2) They fix the respon.sibility for 
mistakes. 

(3) They clarify ideas of those giving 
orders and expedite routine. 

(4) They facilitate gradual improve- 
ment in method. 

(5) They constitute a ready reference 
file of managerial and executive 
decisions. 

Visits to Works 

To an organizer method is essential, 
and method is almost another word 
for standardization. A sim})le example 
is the showing of visitors round the 
works. It is very desirable, in a large 
faetciry, that visits should Ix' stan- 
dardized according to a predetermined 
scheme. In the first place arrows 
should be painted on the walls to 
denote clearly the standard rout(‘ to 
be taken by the guides. Standard 
instructions to the latter might read 
as follows — 

Instructions to (j (tides 

1, AU guides should obtain from the Per- 
sonnel Department an official guide badge 
to be worn by them throughout the tour, 
also pai'ticuJars of the route and timings to 
be followed, and a list of items of interest in 
each shop to be visited. A copy <jf this list 


should be handed to each im»mber in the 
party before the tour comm<*nei»H. 

2. As soon as a party arrives on the 
premises, th(* guides shiuild arrange for the 
individuals to bc‘ formed into groujis for 
which indicator stands are providt'd, and by 
so doing obviate the straggling of nu'mbers 
of the party, as welt as ensuring that indi- 
viduals making uj> th(‘ groups remain in 
theii* places until ready to start the lour. 

3. J*rior !(► th(‘ comnu‘ncem<*nt of the tour 
the senior guid<‘ should arrangf* for the 
promoitT of the visiting party to sign tin* 
Visitors’ Jlook, which h kt‘p( in the Inquiry 
Ollice 

1. TJie standard route, which is clearly 
indicat t‘d l»y anvms, avoids mmecessary 
walking ami is not to be deviated from 
\ml<\ss sp(‘cial instruct ioms an* given before- 
hand. ^IVi/ hours is th<' time allow(*d except 
where e^hei’wdse instruclisl, and f‘very etToiI 
should b(‘ made to kc*(*p to the tiim‘H given. 

5. Spc‘cial can* must lx* tak(*n to (*nsun* 
that no m(*mber of a party wanders into 
dangerous plac(‘s, <*.g. walks under travelling 
cranes wh(*n loads are being carried, or 
enters welding cubicles without the jirior 
knowl(*dg(* of th<* w<*lder, and it is th<* 
responsiliility of tin* guide at the n*ar of 
each group to s<*(* that the wdiole grou)> 
is kept togetlier, and that individuals are 
not allowx*d to detach th(*mselveH from the 
group. 

0. Throughout the* tour the* guid<‘H will be 
respemsible for tin* condue't of the party, 
care* being takem to e*nsun* that the visitors 
an* not allow^e*d to int<‘rfe*re with the* work 
in progn*ss. 

7. At the (’emclusion of tin* tour one* of the 
guide*s shoulel re*turn the* guiele baelge*s to the 
Pe*i*sonne*l DepaH me‘nt . 

8. (iuide*s should take* (‘ve*ry opjxirt unity 
e>f making the visits as int(*r(*sting as pos- 
sible by e‘Xplaining to the* ]»arties, in as much 
de*tail a^ time pe*rmits, the* principal x>roce*ss(*s 
folle)we*ei in the workshops. 

U. Whe*nev<*r in doubt guid<*H shemlel 
appe*al to the* appropriate* shop feireman for 
information. 

10. If, for any re*ason, a party has arriv<*d 
late, or falls b(*hin(l s(in*dule during the* tour, 
thus making it nece*ssary to shorten the 
itine*rary, the Kemndry anel/or the Forge* will 
have* to be* omitt<*d freim the te»ur. 

Secondly, a fixed cornrnencing time 
should be arranged for the morning 
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or the afternoon as the case may be. 
If this is supplemented by a standard 
time-table, an example of which is 
given in Fig. 298, and a copy is sent to 
all the shops concerned, it will materi- 


(1) Too many instructions. An 
instruction numbered, say 2511, is 
likely to be regarded lightly since it is 
quite impossible to keep such a mass 
of information in mind. In some cases 


The party, consisting of approximately 80, is due at the Works (Main Entrance), at 
The leader is Mr. 

The party is to be assembled outside tlie General OOices and is to be divided into 4 groups num- 
bered 1 to 4, each approximating 20 persons, with two guides to each group. 

The tour will commence at 2.30 p.m., and will be in accordance with the following itinerary - 



Time 


Group 


Department 

Allotted 

1 

2 

3 

4 


min. 

p.m. 

p.m. 

p.m. 

p.m. 

Forge ...... 

10 

2.30 

3.40 

4.5 

3.30 

Flanging ..... 

10 

2.40 

3.50 

4.15 

3.20 

Welding ..... 

5 

2.50 

4.0 

4.25 

3.15 

Pattern ..... 

5 

2.55 

4.5 

2.30 

3.10 

Fitting ..... 

10 

3. 0 

4.10 

2.35 

3.0 

Electric ..... 

10 

3.10 

4.20 

2.46 

2.60 

Steel Foundry .... 

10 

3.20 

2.30 

2.55 

2.40 

Iron Foundry .... 

10 

3.30 

2.40 

3.5 

2.30 

Machine ..... 

15 

3.40 

2.50 

3.16 

4.15 

AHsombly ..... 

15 

3.55 

3.5 

3.30 

4.0 

IVwt ...... 

10 

4.10 

3.20 

3.45 

3.50 

Finishing ..... 

10 

4.20 

3.30 

3.55 

3.40 

All gn)upH will n'aHsemble outside the General Offices at 4.30 p.m. 
and will leave the Works together. 



Fio. 298. Standard Time-table for Visit to Works 


ally assist in the arrangements being 
carried out according to plan, and will 
ensure that the visitors, any or all of 
whom may be potential customers, 
will leave the works fully repaid by 
their visit. 

Reasons for Occasional Failure 

Where standard practice instruc- 
tions occasionally fail in practice, it is 
due to one of the following reasons — 


the sources of orders arc excessive. 
It is a hopeless state of affairs to have 
two conflicting orders or instructions 
both intended to be binding. 

(2) Insufficient care in preparation. 
The use of obscure terminology or 
failure to visualize all implications 
involved causes need for amendment. 
Standard practice instructions should 
be explicit and correct when first 
issued. 



INDUSTRIAL STANDARDIZATION 


371 


(8) Preparation by minor executives. No one should know better than the 
If instructions are prepared by indi- individual requesting it, what infornm- 
viduals occupying minor positions in tion is required. It is for him, there- 
the organization, they defeat their fore, to set out his questions or give his 
own purpose, viz. that of promoting headings in a clear, intelligible manner 
high executive direction. making it impossible for anyone to 


No 


Flkase Give the Information amked for below 


19 


Refereaco to 

Requisition or I’articulais Question Keplv 

Other Return 


Shop No. 


Fi(,. 299 Pro Forma j-or Internal IsguiRiEs 


Adoption of a Pro Forma 

One of the most useful applications 
of standardization is the use of a pro 
forma whenever information of a 
similar character is required from 
various sources, whether this be inside 
or outside the factory. 


answer him wrongly or e\en in a 
manner wliieh is likely to cause 
unnecessary work or result in further 
inquiri(‘s. P\>r internal inquiries of a 
general charaeler a st(*reotyp(*d form 
similar to that shown in Fig. 299 can 
be advantageously used. 



CHAPTER XXV 


RESEARCH AND TECHNICAL DEVELOPMENT 

Aims of a Research Department saying that practical men profited by 

The object of a research department the mistakes they made. Consequently 
is to assist in increasing the net tlie inauguration of research and 
revenue of a firm in relation to its development departments was justi- 
capital outlay. It may achieve this tied, maintaining a staff of research 
result either directly, by suggesting and development engineers, chemists, 
means of effecting savings in the over- and metallurgists. Research finds 
head expenses, or indirectly by assist- things out. Development applies that 
ing in the development of a better yet information. 

cheaper product. However the result The research department should set 
is obtained, the research department an example to other departments by 
should perform at least six major attacking tlu^ practice of depending 
functions, these being - upon unsupported opinions. It should 

(1) To discover and define prob- be made clear to all that the con- 

lems in which scientific research can elusions of the department are the 
assist. result of a careful consideration of 

(2) To provide means, either in- facts, which should be enumerated and 

ternally or externally, for carrying out discussed, if necessary, so that a clear 
such scientihe research. understanding may be reached. 

(3) To act as scientiiie consultants Opinions, like definitions, are apt to 

to each department. remain the same long after th(‘ facts 

(4) To keep each department hi from which they originated have 

touch with scientific developments changed, and a close watch should be 
relative to its activities. maintained for the beginning of their 

(5) To draw up working instructions obsolescence or unsoundness. It is 

concerning the product for the much safer and wiser for the research 
guidance of the customer. department to assume that, although 

(6) To invTstigate eases of failure certain conclusions at present appear 

and suggest means of preventing a to be sound, it is always possible for 
recurrence. new conditions and new elements to 

Formerly, industry and manufactur- arise which may make their modifica- 
ing grew more or less naturally without tion necessary. On the other hand, 
scientific planning. Someone had an such a department must always guard 
idea and put it into use. Someone else against the danger of under-rating the 
improved upon it, and industry pro- merits of existing methods. It should 
grossed slowly by the trial-and-error in fact be anxious to support long- 
method, which is just another way of established practices if actual facts 

37 ? 
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prove them to be fundamentally 
sound. 

In an established industry the work 


Date 19 

EXPERIMENTS 

Trials of Proprietary Articles, 
Materials, etc. 

I wish to suggest that tlie following 
experiment or trial bo carried out 

(1) Title: 

(2) Orkjin: (If originating from Stores 

Superintendent, attach copy of 
letter.) 


(3) ManI FA( TCUKR AND COMPARATIVE 
Pukes: (In the cu'^t* ol trials of 
Proprietary ArticU’s, Materials, etc.) 

I " II "" “ 1 

Munufticturer Prior i Picsout 1 Price 

(\»n tractors 


(4) Huikf Details of 'Prial ok Expkki- 
MKNT, AND ESTIMATED TiME KK- 
Qi HIED TO (V)MPi.ETE. (Attach 
sketch, if necessary.) 

If you agree to tins proposal, 1 sliall lx* 
pleased to receive your approval. 


Fic4. 300. Form to be i'sed for the Initia- 
tion OF AN Experiment 

of the research department is essen- 
tially of an advisory nature, whereas 
in many of the newtr industries, e.g. 
the wireless industry, it is largely in 


the research department that the 
products of the industry are con- 
ceived. It is necessary that as far as 
possible results should be set off 
against expenditure, otluTwise there 
may be a tendeiiev to investigate 
WHstefully. Figs. 800 and 801 typify 
tlie forms wliieli should be used for the 
initiation and conclusion respectively 


Date 19 

EXPERIMENTS 

'Phials of Pkoprietaky Aiitk'leh, 
Materials, etc. 

Exfie-inient Ri'feri'iiee No. 

(1) I'lrLE OF ICm’Euiment : 

(2) HrieI' Si mmaun oi< Resolts: 

(3) Aition Taken: 

(4) Date ExrEuiMLNT Completed 


Flo. 301. P^lUM TO BE USED AT THE 
(’ONC’LrSION OF AN ExPEKIMKNT 

of any authorized experiment. These 
may be supplemented by a six- 
monthly progress report. 

It may be wondered wliy the per- 
sonnel of a separat(‘ res(*areh depart- 
ment should be more fitted to perform 
these funetions than those who are in 
daily contact with tlie problems 
arising. Let us examine the position. 
Whilst it is true that the investigator 
often commences with the apparent 
disadvantage of not being closely 
familiar with all the details of the 


26— (B.354) 
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problem to be considered, he can 
rightly claim certain definite advan- 
tages. He has had a specialized 
training in the scientific analysis of 
observed facts, he is expert in the 
technique of measurement, is familiar 
with outside sources of knowledge, is 
free from administrative and routine 
duties, and he has time to study each 
problem on its merits. 

Oovemment Department of Scientific 
and Indust^l Research 

Until comparatively reeently there 
was none of the eo-operatioii between 
industry and science which is apparent 
to-day. During the (ireat War the 
technical man and the man of science 
were brought into close co-operation 
in order to meet the problems of 
supplying munitions and materials of 
war. Research workers, drawn from 
the universities, were employed side 
by side with practical men, to work 
out their common problems. The 
results surpassed all expectations. 
Means were found of replacing sup- 
plies of raw matcTials suddenly cut off, 
and substitutes were found for semi- 
manufactured articles and finished 
products essential to industry and the 
fighting services. 

In the midst of the distractions of 
war, the Rritish (lovernment deter- 
mined, with remarkable foresight, that 
the close link between science and 
industry which the common danger 
was forging should not be broken in 
the difficult times which were likely to 
follow the cessation of hostilities. 
Accordingly, in 1915, the Committee 
of the Privy Council for Scientific and 
Industrial Research was formed, and 


an organized attempt was thus begun 
to help industry generally through the 
application of science. In two years 
the new organization developed into 
the Department of Scientific and 
Industrial Research. Early in its his- 
tory the new Department assumed the 
control of the National Physical 
Laboratory, which now occupies 
buildings covering an area of over 50 
acres, with a staff of 600 constantly 
engaged in accurate testing for indus- 
try or in research of various kinds. 

Equally important is the provision 
made at other laboratories established 
under the Department for research in 
the national interest. At the Fuel 
Research Station the problems of the 
better utilization of coal and its con- 
version into other forms of fuel are 
studied. Elsewhere, the problems of 
the transport and storage of foodstuffs 
are investigated. In this work the 
fundamentals of a new branch of 
science, called ‘‘biological engineer- 
ing,” have been evolved. As a result 
new methods for storing meat, fish, 
and fruit have been developed, from 
which the consumer, the home-grower 
and tlie shipper are each reaping 
benefit. At the Building Research 
Station problems of heating and 
ventilation, noise in buildings, fire 
resistance and new methods of con- 
struction, such as reinforced concrete 
and steel-frame building, are all 
studied in the light of facts revealed by 
research. The Department has, how- 
ever, had to do more than this. It has 
had to bring help, which only scientific 
knowledge can give, within the reach 
of every manufacturing industry in 
the country. The big industrial 
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corporations present no diliiculties 
because, in their own interests, they 
have been able to provide rescan h 
organizations closely linked with their 
industrial machines, but the smaller 
concerns are differently situated. 

As mentioned in Chapter X tluTe 
arc some 145,000 factories in Great 
Britain, a bare 600 of which tnnploy 
more than 1000 workers, while over 
130,000 factories employ less than 100 
workers each. Obviously such firms 
as the latter could not maintain their 
own resi^arch laboratories and labora- 
tory staff, and to meet the ease the 
Department of Seientilie and Indus- 
trial Research has sch(*m(‘ for ereatin<^ 
autonomous eo-opt'rative research 
associations in the industries, these 
associations being iinancfd by the 
industries thems(‘hes and by the 
State, which contributes m proportion 
to the amount subscribed by industry. 
This bold experiment m the organiza- 
tion of research has proved a pro- 
nounced success, and twenty such 
co-operative resi‘arch associations are 
now actively functioning with grants 
from the Department. 

It is, of course, impossible to express 
generally, in terms of money value, 
the results of research. Fre(piently 
the w(‘ak links in the chains of pro- 
duction are discovered and strength- 
ened, and altogether the work of the 
associations helps to improve the 
quality of goods, eliminates waste and 
increases the general efficiency of 
industry. 

Research Laboratories and Personnel 

Figs. 302 and 303 depict typical 
research laboratories. The type of 


equipment used, as well as the layout 
adopted, will of course depend on the 
nature of the industry. In all cases, 
however, it should be of the best if 
complete confidence in the findings of 
any investigation or pronouncement 
IS to be ensured. The r(‘search engineer, 
technologist, metallurgist and chemist 
should })referably ea(*h possess a science 
degree in the subjt‘(*ts n'levant to his 
own ])articular splun*. Nowhere in 
industiN is this more important. Their 
rc])orts should always lx* strictly and 
consistently confined to facts; they 
should be adequate and Net not 
cumbersome. 

Classification of Problems 

(ienerall\, a r(‘s(*areh department 
should comprise* e)n(‘ or all e)f the 
following elistmed se‘e*tions, the* size eif 
each ele*pendmg u})e>n the nature of 
the melustrx . 

Scediein 1. Kngme“*ring. 

Sectiem 2. Metallurgy. 

Seetion 3. C'hemistry. 

Se*e*tie)n 4. Te‘\tile‘s. 

Taking a f(‘w example‘s at random, 
relevant to the‘se se*cfie)ns, we have the* 
folle)wing class(‘s of problems te) 
iiucstigatc. 

Siction 1. The systematic examina- 
tion e)f m(*chanie*al fractures may 
re*veal a prcpe)nele*rance‘ eir e)the‘rwise 
of failures due either te) material or 
design. Again, a survey e)f the tem- 
perature, air pressure, anel ventilating 
conditiems in the ofliccs and wwkshops 
may preive advantage*ous freim the 
point of view of ece)n()mical we>rking 
and the comfort e)f the exTUpants. 

Section 2. This sectie)n include‘s the 
important theiugh widely differing 
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questions concerning heat-treatment, 
the composition of sp(*eial alloys, and 
welding tcclinique. Again, a con- 
siderable amount of work has been 
carried out in many foundrie s by tlie 
British Cast Iron Research Associa- 
tion. The results clearly indicate the 


Attention might also be given to the 
recovery of used oil and to its sub- 
sequent use. Visits should be paid 
to oil relincrs and to research labora- 
tories dealing with lubrication, and 
reports should be furnished on the 
quality of various oils purchased. 


Research II Department 


Chemical Ladoratory 


Date May^ 1940 


Description of Sam])lo 

Contract and 
Item No. 
(VVhcp' 
Applicable) 

Charlie 

to 

‘ l.iss 
j No. 

Rate 

Amount 

Fuel Oil. Tank No. 105. 

Contractors 

Hutcheson & 

Liverpool. 

No. 542 
Item 3 

F'oundry 

i 

12 







KioroKT 


Suspended Matter . , . . . 

Mineral Acid ...... 

Water ....... 

Efflux Time (RiMlwood), .sf'eeiids j Jjj 

Flash-point (Closed test) . . . . 

Speeilie Gravity at (JO F. . . . 


Nd. 

Nil. 

Nil. 

SIR 

297 

Alsive 150 
0-937 


F. 


SpKCIFK’ATION 

Nil. 

Nil. 

Nil. 

100 000 
Not above 230 
Not below 150" F, 
Not s{>e(‘i(ied 


This sample does m)t e«miply with the speeilieat ion. The viscosity at 70" F. and 100" F. is 
considerably in exc(’ss of tlie n'spective iiiaxiinum limits an<l, in in\ opinion, t he oil should borejoi-ted. 

(Signed) J . 7^. *S7rcZc 

Fio. 304. Report on Sample ok Feel On. 


importance of the right quality and 
consistency of sands for the manu- 
facture of castings. It has been shown 
that many d(‘feets and (‘xcessive ex- 
penditure of money arise from im- 
proper sand-mixtures and control. 

Section 3. In any engineering works 
quantitative spectrographic analysis 
by means of the inicrophotometcr calls 
for considerable technique and is 
amongst the more important types 
of investigation to be carried out. 


Fig. 3()t shows a report whieh might 
be furnislu'd }>y tin* res(‘areh eliemist 
on a sample of fuel oil which has betdi 
receiv(‘d by the firm for its oil-lired 
furnaces. Another problem is the 
possibility of a reyiort of skin com- 
plaint wlu re the employees’ hands arc 
constantly exposed to tin* actions of 
grease solvents, and a preventive wash 
may be introduced for use after work. 
Other fields for invc‘stigation may be 
methods of fumigation, the finding of 
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substitutes for proprietary articles, 
and the destruction of insect pests in 
canteens. 

Section 4. Clothing and uniform 
equipment, leather and ropes may 
involve a firm in heavy expenditure. 
These are some of the items which 
come within the sphere of the textile 
technologist, who should make sug- 
gestions which, without impairing 
efficiency, will result in economy. 

Application of Research in a 
Particular Industry 

In order to obtain a tangible 
measure of what can be achieved by 
systematic research and development 
work it will be as well to consider a 
particular industry, and, in view of its 
wide a{)plieation, the rubber iyre 
industry will l)e of especial interest. 
It can be said at once that much of 
the progress in the motor ear industry 
could not have be(‘n made had it not 
been for the rubber industry keeping 
apace with scientific research and 
development. If the motor car Jiad 
merely been the successor to tlic 
horse-drawn carriage, a simple modi- 
fication of the bicycle tyre would have 
given all the cushioning that the 
ten-milc-an-hour vehicle demanded in 
the early days of motor car develop- 
ment, but the motor car was to carry 
loads of many tons at high speed, was 
to revolutionize transportation and 
vitally affect the social life of a large 
part of the world. A modified bicycle 
tyre, therefore, was far from being 
suitable. 

It is known that one world-famous 
tyre firm alone keeps more than 500 
engineers employed on chemical re- 


search, development, and service work, 
at a yearly expenditure of more than 
£200,000. They evolve tyres and other 
products, and they discover better 
processes and new uses for chemicals, 
resulting in many improvements in 
tyre manufacture which render high 
service to the users of motor cars and 
lorries. 

An important contribution made to 
the industry by the development 
department was the pneumatic tyre 
for lorries and omnibuses. Previously 
it was the general idea that, while it 
was far bettcT for motor cars to be 
driven on pneumatic tyres, the heavier 
loads hauled by lorry would always 
require solid tyres. Research engineers 
came to the conclusion that even the 
heavier loads of the lorry could be 
carried on air. The only problem was 
to build a sturdy enough pneumatic 
tyr(‘. The tirst wen^ greeted with 
ridicule. Soon, however, the pneu- 
matic-tyred lorry came to be an 
accepted part of the motor industry, 
and brought about an entire (diange in 
the business of transportation. The 
next logical step, after hauling goods, 
was the mass transportation of pas- 
sengers by motor ’bus, supplementing 
the transportation by individual cars 
and bringing a new era into town and 
inter-town transport. 

One development has followed 
another in tyre making, and the full 
super-balloon, or what is known as the 
airwheel, has come in for recognition, 
being widely used on airplanes. The 
high-pressure tyres formerly used on 
airplanes were of the high-wheeled 
type with relatively small cross-section 
and operating at 50 lb. to 60 lb. 
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pressure, whik^ the airwlp^*! operates 
at 12j lb. to 20 lb. inflation. The 
ability of this “all-balloon” tyre* to 
yield sideways and absorb shoeks, 
both vertical and lateral, makes land- 
ing and ground nuina^uvrcs possible 
with safety, whereas if duplicated on 
tyres of the older type, the plane 
would ground loop or “nose” over. 

The passenger ear airwJieel was a 
natural outgrowth of the airplane tyre 
of similar design. The fact that air- 
wheels provided maximum cushioning 
for airplane landings clearly indicated 
their advantages for cushioning the 
modern high-speed, high-performanec* 
automobiles. The airwh(*(‘] absorb^ 
road slioeks, protecting the ])assenge»*s 
and the nu'chanism from shocks and 
making higher spe(‘ds possible o\er 
bad ri^ads. Tin* prevailing pressure* is 
about 20 lb. for small motor ears and 
up to 30 lb. for the larger motor ears. 
Later there came another advanei* 
the full airwheel for farm tractors 
which w^as the forerunner of the* 
pneumatic tyres now common to 
tractors and all types of mobile farm 
implenK*nts. 

Each tyre* size and style* is a problem 
in itself, a problem in chemicals, 
elesign anel materials, in eirder te) give 
the maximum quality and wear. Here 
again the de*velopment department 
has the responsibility of testing the 
product l)efore it goes out, holding to 
the prineiple that it should do its own 
testing and neit eemipel the* public to 
gamble with untried and experimental 
tyres. 

Many ingenious devie*es are used in 
the labeirateiry fe)r testing tensile 
strength and specific gravity of fabric 


rubber and compounds, or measuring 
tread wear by running test tyres 

against sanel|)4ipcr or emery wdieels. 
In additiem to all this, constant tests 
are made on tyres on fleets of motor 
\ chicles so as to note tyre performance 
under actual conditions before they 
arc j)ut on the market. The most 

adverse conditions are sought rather 
than the most favourable ones, and 
it has only been by cemstant experi- 
ment, testing and surveillance of 
product ri'aetion that tlu* high quality 
tyres ns(*d on tin* vi'hiek* of to-day 
ha\e l)(*en evol\(‘d. 

Patents, Designs and Trade Marks 

The average numlH'r of f)at(‘nts, 
d(‘signs and trade marks dealt with 

annually by the t'omptroller-ticneral 

in (Jrt*at Britain during the last d(*cade 
has l)e(*n as shown in Table XXV. 

Patents, It is inter(*sting to record 
that approximate ly .50 per e(*nt of the 
total number of patents which arc 
sealed in (ireat Britain an* granted to 
persons resident in other countries. 
To cope with all this very important 
and exacting doeum(‘ntarv work a 
special department is r(*quir(*d, headed 
by the Lomptroller-tiencral, wdiieh, in 
spite of its staff of SOO, substantially 
swa‘lls the* funds of tlu* National 
Kxeh(‘qu(‘r. The number of patent 
agents on the otiieial register exceeds 
400. 

By the Statute of Monopolies, 
passed in 1023, the (Yown is precluded 
from granting any monopolies except 
to inventors, as it is consid(*red that 
inventors should l)e encouraged to 
invent for the benefit of the public at 
large. Patents are obtained by making 



380 


WORKS ORGANIZATION AND MANAGEMENT 


TABLE XXV 

Average Number of Patents, Designs and Trade Marks dealt with 
Annually in Great Britain 


Patents 

Designs 

Trade Marks 

Appli- 

cations 

Specifications 

Sealed 

Appli- 

cations 

Regis- 

tered 

Applications 

Registered 

Provi- 

sional 

Com- 

plete 

Part A of 
Register 

Part B of 
Register 

Part A of 
Register 

Part B of 
Register 

37,000 

23,000 

22,000 

18,000 

21,000 

19,000 

10,000 

300 

6,860 

300 


application to the Comptroller of 
Patents, General Designs and Trade 
Marks, and the application can 
be accompani(‘d either by a pro- 
visional specilication which sets out 
the nature of the invention, or by a 
complete speeitication in the first 
instance which not only describes the 
nature of the invention, but also 
describes how the invention is to be 
carri(‘d into effect, and contains a 
claim, or claims, to what is considered 
to be the novelty of the invention. If 
a provisional specilication be filed with 
the application, it is the duty of the 
applicant, if he wishes to obtain the 
grant of a patent, to file a complete 
specification within twelve months 
from the date of his application. 

When a complete specification has 
been filed, the officials in the Patent 
Office make a search with respect to the 
novelty claimed, and if the invention 
be found novel, or after the specifica- 
tion and claims have been amended 


so as to point out wdiat is old and to 
claim only what is new, the complete 
specification is accepted. This accept- 
ance is advertised in the Official 
Journal published at the Patent Office, 
and at any time within two months 
from the date of such advertisement 
(an extra month can be obtained on 
payment of a fine before the expiration 
of the two months), the grant of a 
patent can be opposed on grounds 
which are set out in the Patent Act, 
and if there be no opposition, or after 
the opposition has been settled in 
favour of the applicant, a patent can 
be sealed on the application by pay- 
ment of a scaling fee. 

A patent is granted for a term of 
sixteen years, subject to the payment 
of renewal fees before the expiration 
of the fourth and each subsequent 
year, extensions of time of one, two 
or three months being obtainable on 
payment of the prescribed fees. The 
sixteen years’ period is reckoned from 
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the date of filing the eoniplete speei- 
fication. The law governing patents 
is changed from time to time to iiuet 
requirements. 

Designs. Design registration is a 
form of protection accorded to the 
design of something a'* it appeals to 
the eye. This may be the shape or 
configuration of an article, c.g. the 
shape of a bottle, or it may be a 
pattern, e.g. of wallpaper or lace. No 
protection is obtained by dc^sign 
registration for a mere mechanical 
construction. A design registration 
lasts for five years, but can lie ]jro- 
longcd for two further periods of five 
years each, making fifte(‘n years in all. 
If the novelty of the design lies in some 
particular part only of the article, it is 
highly desirable that tlic ajiplication 
should be made in such a way as to 
point out that that jiarticular part 
constitutes the nov(‘lt>. 

Trade Marks. A trade mark may 
consist of a word or words, or a d(‘vjee, 
in order to distinguish the goods of the 
projirietor of the trade mark. Th(*re 
are various restrictions as to what may 
constitute a ‘'word mark,” (‘.g. it must 
not consist of a surname, a w^ord 
having geographical signilicanci*, a 
word having direct reference to the 
character or quality of the goods, or a 
deceptive w^ord, nor can it consist of 
mere initial letters. Inasmuch as the 
trade marks authorities c(»nsidcr the 
phonetic rendering of a word, the 
fancy spelling of a word wd)i(*h w^ould 
be otherwise unregistrable is not 


thereby made registrable. In some 
very special circumstances, however, 
when a mark which would not other- 
wise be registrable can be showm to 
have been used in such a manner as to 
ha\e achieved distinctiveness in eon- 
lurtion with tlie goods of the jiro- 
prietor, registration ma> be permitted. 
This, however, is usually a dilHcult 
and expensive proc(‘dure. With regard 
to ‘'dexice marks,’* a notable restric- 
tion IS that it is not possible to register 
a "device mark” which consists of 
a mere ri‘presentation of the goods, 
wiiilst certain (Towns, flags, and the 
use of tin' word "Royal” are also 
barrc'd. 

\ trade mark registration undcT the 
Trad(‘ Marks Act lasts for sc'vt'U years, 
but can lu' prolong(*d ind(‘(init(‘ly in 
terms of f()urte(‘n years. The Tradi' 
Marks Act makes jiroxision for various 
somewhat teehni(*al points in coniu'c- 
tion with the assignment of rights, and 
for permitting otluTs to use a n'gis- 
tcred trad(‘ mark on conditions 
approx ed b\ the Registrar. 

Technical Reference File 

Th(* research d(*partmcnt can pro- 
vide a particularly usc'ful servic(‘ to 
all dejiartments by the institution of 
a section xvhich systematically fur- 
nislu's brief particulars of all new 
technical publications ndevant to the 
particular industry, as wdl as brings 
to the notice of all conc(Tn('d re])orts 
published by the various institutions 
and authorities. 
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Functions of a Purchasing « 
Department 

To know markets and to know how 
and from whom to buy are the primary 
functions of a purchasing department, 
and there is always scope for these 
functions to be intelligently exercised. 
In many privately-owned iirms the 
owiKT or partner arranges to do the 
whole of the more important buying 
himself. He finds satisfaction in spend- 
ing his money, and therefore does not 
desire a purchasing agent to do it for 
him. Moreover, purchasing brings 
him into contact with other leaders 
of industry in a way that cannot be 
accomplished in any other phase of 
the business. These contacts, par- 
ticularly if they have lasted over a 
period of years, frc'quciitly result in 
tlu* purchasing agent being a mere 
routine order-placer. 

The authority of a purchasing de- 
partment >\ith respect to linances 
should always be limited. It should 
be operated on a form of budget 
system, whether or not this system 
has been adopted for the concern as 
a whole. 

Wiiatcver the extent of the powers 
of a purchasing department, it has 
certain technical functions to perform. 
For this reason, it is particularly 
desirable that the purchasing olliccr 
should be a good all-round man, who 
is both practical and a capable ollicc 
organizer. To be operated successfully 


a purchasing department involves care- 
ful consideration being given to ofhee 
routine and ofTice management. At 
the same time, the successful purchas- 
ing agent does not spend the whole of 
his time in his office, but is careful to 
be frequently in the factory in order 
that h(' ma\ become more familiar 
with its needs. By this means he is 
assured of a cordial rec(‘ption for his 
purchases by the factory personnel. 

The tasks of the purchasing depart- 
ment embrace the issue of specifi- 
cations but not necessarily their com- 
pilation, th(‘ letting of orders for 
material and equipment, the securing 
of material and equipment when re- 
quired at the best possible prices and 
on the best terms of payment, and 
the maintenance of purchase records 
that are accurate and complete. The 
last-named task is by no means the 
least important because it enables each 
of th(‘ others to be satisfactorily 
performed. 

Purchasing Records 

The persomud of the purchasing 
department is ordinarily divided into 
two distinct classes, those actually 
performing the purchasing function 
and those in charge of the maintenance 
of purchasing Records. In large pur- 
chasing departments both these groups 
become of considerable size, with one 
or more purchasing agents in charge 
of the purchase of various types of 
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commodities, and with a number of 
clerks in charge of the various record- 
keeping functions, over whom there 
is a chief clerk reporting directly to the 
head of the department. 

Sources of Supply 

One of the more important types of 
information which should be on hand, 
and readily aeeessible, is a list of 
manufcieturers, aj)prove(l agents and 
dealers, who are in a positioTi to supply 
the articles whicli are regularly used, 
or who may be thought to be prospec- 
tive bidders on any special eojii- 
modities which may be required from 
tinu' to time. In order to be of maxi- 
mum value all such information shouhl 
be absolutely complete' and thoroughly 
up to date. As far as possible it shoidd 
be arranged in standard form on a 
card, and should include the location 
of the plant and the sale's eiHiee's, the 
name's e)f I he eiflieers te) be dealt with, 
fre'ight rate's, as w(‘ll as remarks re- 
feTring te) the freight situatiein be- 
tween the pe)int e)f shipment and the 
faedorv, and whether the ceinc'crn is in 
a pe)sitie)n te) lill oreh'rs freim steick, or 
must manufacture' them to e)rder. 
Othc'r items e)f interest on tlu'se receml 
cards sheadel be facts regarding the' 
manufacturing capacity or usual sup- 
plying capacity of the linn, the 
maximum size e>f the e)rders that they 
can handle, and discounts allowed. 
All catalogues reec'ived should be 
properly indexe'd and then filed for 
easy reference. 

Conditions of Contract 

Anything which is required other 
than general stores material should be 


regarded as a special purchase. The 
first step in effecting this special pur- 
chase should be the preparation and 
sending out of a “master’’ inquiry to 
all who are likely to tender. Whether 
it be new plant, a machine tool, or 
some other equipment, it is very 
desirable that the actual purchase 
should be made in accordance with 
clearly defined conditions of contract, 
furnished by the purchaser. The 
following conditions of contract will 
form a l)asis for any such purchase, 
and a copy should always accompany 
each sei)arate order. 

(’oNi^iTioNs OF Contra (T 

1 . /hfimtioHs 

In oonditioiiH tlx* description “Pur- 

chaser” shall nx'an “TVhshrs. St(‘(‘le, Sl<'druau 
A (’o‘” Th(‘ (fey ri pi ion ‘^Contractor” shall 
mean tlx' person or /inn whose T(‘nder shall 

b(» acce])t(‘d by the l*urchas(‘r. 

• • 

2. Tender and Speetfieaiion 

The (Contractor’s Tendei* sliall be accom- 
panied by a detail(‘d Sp(*cillcation and 
j^eneral arran^t‘ment drawing of* tin* machin- 
ery and plant oflensl, \ny acceptance* o(* a 
Tend<‘r sJiall b<* in wTitipg and such acce*pt- 
ance jj* hereinafter called “The Ordnr.” The 
gen<*ral arrangom(*nt am! c*onstruct ion shall 
be in accordance* with the b(*Ht modern 
practice*, all mate‘rials shall be* e)t tlie b<\st 
tjuality e»f tln*ir kinel anel of British manu- 
facture*, e*xc«*])t w'h(*re spt*citically state'd in 
the ordt*r, and they shall alse) comply with 
the Pure*liase*r’s eiwm Spee-ificat iems enclosed 
he*re*wdth. TJie* Ce>ntrae*t sliall prewide tor 
the su])pl^ e)l mae*hin(*ry and plant suitable 
and re'epiisite* te)r the* duty anel e>pe»ratie)ns 
oiilhneei in the particulars supplie*d by tl^* 
Purchaser te) the* ( ’emtraede)!*. 

,‘h Departure from Sperifieation 

Any me)difieatie)n in the* Purchase*r’s 
reejuireme*nts shall be* set out by the (\)n- 
trae’lor in l)is eietaih‘d Spe*citicatie)n and the 
attention e)f the Purchase*!* shall be specially 
<lir<*cte*d the*reto. 

Deviations fre)m the* terms of the Con- 
tractor’s Sp(*cilicatie)n, exce*pting such dtwia- 
tions as may have been duly agreed in 
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writing by the Purchaser at the time of 
placing the order or during the carrying out 
of the contract, will involve the rejection of 
the machinery or plant at the option of 
the Purcliaser. 

If during the progress of work any altera- 
tions or additions are required in respect of 
which the Contractor intends to make a claim 
for extras, notice to this efft'ct, together with 
an estimate* of the cost of same, shall be 
given in writing to the T^urchaser, whose 
written apx)roval shall be obtained before 
any such alterations are effected. 

4. Svhlctiing 

All items shall be manufactured in the 
CV>ntractor’H own works unless i)<*rmission 
has been obtained in writing from the I*ur- 
chaser to sublet to a firm a jq) roved by them, 
Copi(*s of all sublet ord(»rs for mat(*rial shall 
be forwarded in duplicate to the Purchast*r 
immediately th(‘y are jdaced. Such sublet 
ord(*rs shall in every case quote the Pur- 
chaser’s Specification and grade with which 
the material is to comply and shall also (luote 
full refer(‘nc(* to tin* Tender and the Order, 
for ident ideation purposes. 

6. Inspection and Testing 

The Purcliaser’s rejin'sent alive shall have 
power to inspect the whole of the* work whilst 
in progress, at the (Contractor’s or Sub- 
(’ontractor’s works and during <*rection on 
site, and reject any mah'iial, workmanship, 
or any part of the plant which he may 
consider impeiTect. The whole* (»f the 
machinery or plant shall b(* tested to the 
satisfaction of the Purchaser’s said repre- 
sentative, at the Contractor’s and/or Sub- 
Contractor’s work or after dt*livery and 
erection as requin'd, at the Contractor’s 
responsibility and exia*nse. Any failure to 
fulfil the terms of the Spetdlication shall 
subject tin* Contractor to rejection of the 
whole or any part of tin* machinery or plant 
at the option of the Purchaser. 

0. Delivery 

The Contractor will be required to pay 
carriage for all machinery and plant included 
in the Contract. 

7. Terms of Paymjent 

The Purchaser’s terms of payment shall 
be 90 per cent on delivery and the balance 
of 10 per cent when the plant has been 
tested and put to work to the satisfaction 


of the Purchaser’s appointed Officer, an 
the Contractor must agree to such terms. 

8. Packing Materials 

No charge will be allowed for packing 
cases but these will be returned, if desired, 
subject to the Contractor bearing any car- 
riage and cartage (if any) charges.. The 
packing cases should bear the name 6f the 
Contractor and no claim will be admitted 
for any that are lost or damaged, although 
all possible care will be exercised in returidng 
such cases when (*mp( y. 

9. Erection 

Where machinery and plant is to be 
erected and set to work by the C’ontractor 
he shall provide* all scaffolding, tools, lifting 
tackle and other materials required for the 
delivery and er(*ction of the machin(*ry or 
plant, shall carry out the whole of the work 
at his own risk and expense, and shall 
complete in ev(‘ry r(*sxx‘ct ready for service*. 
The Purchaser will not be* r(*si)ousible for 
loss or damage* in respect of any materials 
or tools belonging to the Contractor which 
may be brought on to the Purchaser’s 
premises. 

10. Maintenance 

The* Contractor sjiall make* good any de*fect 
(such not being elue to improper use or nial- 
tivaiine*nt on the part of the* Purchaser’s 
servants) in mat(*riiils arid workmanship, or 
any failure* te> perfeirm the* st i])ulal:(‘d re*qmre- 
ments satisfacteirily, during a i)e‘rioel e)f 
twi*lve months after the* inaediinery eir plant 
has been put into service. 

11. Injury to Persons 

The* (bntracteir shall inde*mnify and prei- 
tect the* Purchaser freim any and all elamage*s 
arising freim the* performance of the* ( ’ontract , 
to Mhich any person may be e*ntitle*d by 
reason eif eir em ae*ce)unt eif any act e>r omission 
of the Cemtractor, or his emple>ye‘t\s, during 
the perforinaiu*e eif the* weirk lu*re*in men- 
tiemed, and feir which injury the* Purchaser 
or the ("ontiuctor be helel liabJe* by law 
whether the injured pe*rson be a servant of 
any such felleiw Contractor or a strange*!*. All 
costs and expt*nst*s, le*gal or otherwise, in 
connectiein therewith shall be borne by the 
Contractor. Where plant is being erected on 
the site a form shall be signed by the Con- 
tractor indemnifying the Pui*chaser against 
injury to the Contractor’s employees. 
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12. Insurance agahist Fire and Accident 
Immediately after the order for installation 

or purchase of any machinery or plant, thc» 
Contractor shall insure the same against fire 
or accident until it be handed over to the 
Purchaser after the final testing on the site. 

13. Royaliies 

The Contractor shall indemnify, and keep 
indemnified, the Purchaser from and against 
all actions, proceedings, claims and demands 
in respect of any charges for Koyalty and ^or 
in respect of any infringement of Pattait 


Gentlemen, 

dear Wheels 
Ten Diesel -Fh 


Rights as applicabh* to the whole or any 
part or parts of the niachiin'ry or plant 
t>rdered by the Purclnist»r. 

Example of Special Purchase 

A typical letter accepting a special 
quotation (i.c. a quotation other than 
for stores stock material) is ^iven. It 
should be noted that each feature is 
carefully defined. 

25th July, 1940 

d Pinioh^ for 
ic lAtcon-ohres. 


You are hereby accepted to supply in accordance with your quotation of 15th April, 
Ref. AS/JS, and this Firm’s “Conditions of (Vuitratd,” copy enclosed — 

10 Clear Wheel Rims to Drawing No. AFCl/WKW 

No. of Teeth . . 89 (straight teeth' 

Diametral Pitch . 1-75. 

Face Width . . 0 in. 

Tooth Form . . To comply with B.S.T. Specification for Traction Gears No. 235. 

Material . . . Molybdenum Chrome Stesd, oil hardened and temp(*rc*d, the 

teeth to be cut aft<‘r hardening. 

Brinell Ilardmvss . 300-400. 

T(*nsile Strength . 70 to 80 tons ])er s(juar<‘ inch. 

Shrinking G(-ar Wheel) Tlie rim to b(‘ shrunk on to the gear mIks*! centre, him* Drg. 
Him on to Wheel! No. \KG/1933, which will b(‘ supplied by the Purchaser free 
Centre . . .* ot <*harg(‘ at >our Works, finished machimsl and ready for 

the rim to be littisl. ''riH‘ shrinkagt‘ allowances to be sub- 
inittisl before tin* work is carried out. 

Price . . . £55 12s. Od. each, or a total of £55fi .5s. (Five hundred and 

fifty-six pounds, five shillings). 

10 Pinions to Drawing No. EGjW.Mi. 

No. of Teeth . . 18 (straight teeth). 

Diam(‘tral Pitch . 1*75. 

Fac(‘ Width . . t) in. 

Tooth Form , . To comply with B.S.l. Specification for Traction Gcsirs No. 235. 

Material . . . Mtslium Carbon Steel, h(*at-treat(*d and hard<*m‘d, and teeth to 

b(* ground on jirofile. 

Brinell Hardness . 4.50-,5.50 after haidening. 

Tensile Strength . Ultimate .strength 4.5 tons p(‘r square* inch. 

Keyway . . To be carefully cut to suit the* dirnimsions shown on Drawing 

EG/ 1939. 

The plug gauge to which the pinions are to be bor(‘d will be loaru'd by the Purchaser. 
Price . . . £8 15s. each t>r a total of £87 lOs. (Ffighty-.sevtui i>ounds, ten 

shillings). 

Grand Total Price for 10 Gear Wheel Rims and 10 Pinions - £043 158. (Six hundred 
and forty- three pounds, fifteen shillings). 
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ie. Tolerance of Teeth as follows — 

Pinion 

Gear Wheel 

Pitch error, tooth to tooth, max. 

. 0 0025 in. 

0*0025 in. 

Pitch error, accumulative .... 

0006 

in. 

0*010 

in. 

Tooth thickness, nominal size .... 

. - 0 005 

in.) 

- 0*005 

in.) 


- 0015 

in.) 

- 0*015 

in.) 

Tooth thickniiss variation in gear wheels or pinion 

0005 

in. 

0*005 

in. 

Backlash between gear wheel and pinion . 

001 

in. 

to 0*03 

in. 


Tho to be coiisignod, carriage paid, addressed to Mr. Lewin, Stores Superintendent. 

The gear wheels t(j be guaranteed for a period of eight years, and thc‘ pinions for a period 
of five years. This guarantee* is to cover replacement free of charge in the event of failure* 
during the first twelve nieinths, and if any gear whe*el or pinie)n shall subsequently fail 
within the guarante*ed pe*rie)d it shall be replaced at the above price for a gear wheel or 
pinie>n as the* case* may be, multiplie*d by the fractiem e)btained when the life* accemiplished 
is divided by the life* guaranteed. 

Delivery te) commence* in 12 wee^ks fre^m this date, at the rate of two ge*ar wheels and 
two pinions per week. 

Please send an acceptance* e)f this order in writing to this e)fiice, stating ye)U agree to e>ur 
terms and conditions. 

Kindly arrange fetr ye)ur accounts te) be supplied in duplieiate, quoting the above 
reference. 

Yeiurs faithfully, 

Messrs. Stt*e*le, Stedman Si Ge)., 1*. I)e*sjardins. 

Iludele*rsfield. 


Stores Tenders 

Quotations for general stores re- 
quirements whieh eover a period, say, 
of tliree, six, or twelve months, should 
be requested on a standard stores 
tender form. The following is sug- 
gested as a basis - 

'I'kni»kk for the Purchase of Stores 

Nole. Tin* Purchaser does not bind himself 
to accept the kiwest- or any Tender, and all 
parti(*s tendering for the supply of Stores 
must adopt this printt*d Form, without- 
alterations, additions, or reservations, which 
Form alone will r(*c(*ive attention. The 
Prices must be quoted in ev(*ry r(*spect in 
the manner pr<*scribed, and must include all 
charg(‘8 for Royalty or Patent Rights (if any). 

1. Whole or PoriUm of Stores 

Tenders are invit(*d for the whole or any 
portion t)f the Stores enter(»d hereon. 

2. Deliveries 

Within 21 days after a request shall have 
been made in writing by the Purchaser or 
any of their Agt*nts, all Stores shall be 
addressed and forwarded (unless otherwise 
directed) to the I^urchaser as provided in 
the Specification and Statement of Quanti- 
ties shown t)ii the reverse side (set* l^^ig. 305), 


and shall bt* sent carriage paid and at* the 
risk of till* ( Contractors. 

3. Quality of Stores 

The quality shall be equal to thi* l^ur- 
chaser’s sample (if any) and/or be exactly 
in accordance with the Specification or 
drawing. In cases where no sample is 
provided, nor Specification or drawing given, 
thi* Stores suppli(*s shall bi* of an approv(*d 
make or ipiality. Nothing herein shall pre- 
clude the Purchaser from making trials of 
similar Stores from other sources. 

4. Empties 

The Contractors shall state on their 
invoices whether or not empty packages are 
required to be returned, giving full disposal 
particulars. Such empties should bear a 
legible mark or brand showing to whom they 
belong. No charge will be allowed for 
empties, but, if required, they will be 
returned, subject to the Contractor bearing 
all carriage and cartage (if any) charges. All 
possible care will be (*xercised in returning 
such empties, but no claim will be admitted 
for any that are lost or damaged. 

5. Invoices and Terms of Payment 

Simultaneously with each dispatch of 

Stores, a moneyed invoice, in duplicate, 
having 2J per cent cash discount deducted 
and rendered in the Purchaser’s name, shall 
be sent to the Purchaser. Payment will be 



Inquiries should quote this reference : Stores/ 


(A) 


(B) 


(C) 


Specification of Stores Requii'ed 


Quantity 

Required 


Price per 


Weight per 


Delivered 


I 


Contractors ark Requirkd to Kiu. in (’olumnh (H) and ((’) 


'POTAL Vai.cio 
oi- Tender C 


1. Stores to be forwarded Carriaok Paid to 

2. Delivery to be t'ornplotod by 


Contractors are Reqi’ired to State 

3. Date delivery will start at the rate of 

4. Trade Discount per cent. 

5. Source of Origin of Materials 

6. Place of Manufacture 

— hereby tender to supply the whole or any portion tjf the above-im*ntioned Stores, subject 

to the foregoing terms and conditions, and to deliv'er at the time specified. 

Signature 

Address 

Date 

This tender must be posted to us to arrive not later than 10 o’clock on the morning of 

If received after that hour it may not be considered. 


Fig. 30r>. Pro Forma for Stores Tender 
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made on the Purchaser’s usual pay day in 
the month following that in which the Stores 
have been delivered, provided that the Stores 
are received not later than the 25th of 
that month. 

6 . References 

Contractors who have not previously 
supplied Stores to the Purchaser shall give 
reference to other Finns or persons to whom 
they have supplied similar Stores. 

7. Inferior andlor Defective Material 

The Purchaser shall be at liberty to reject 
any part or portion of the said Stores, either 
at the time or respective times of their 
delivery, or at any subsequent period, if the 
same be considered by the Purchaser’s Agent 
inferior or defective in quality or otherwise ; 
and upon notice in writing (which notice 
may be signed by the Purchaser’s Agent) of 
such rejection being given to the Contractor, 
either by delivering the same personally or 
leaving it at or sending it by i)ost to the hist 
usual place of business or last known place 
of abode of the Contractor, tin* Contractor 
shall forthwith send for and lake, and at the 
expense of the Contractor in all respects 
receive the satiie Stores back from the 
Purchaser, and if r(‘quin»d by thc^ Purchaser 
supply him with other Stones of such quality 
as shall be approved by the Purchas(*r*s 
Agt‘nt as aforesaid, in tin* place and stead of 
the Stores so rej(»cted. If rejected Stores are 
not removed by the (Contractor within 14 
days after receipt of notice of rejection the 
Purchas(*r may cause the same to be removed, 
and charge the Contractor with all expenses 
incurred in such removal. 

8. Payment 

The Purchaser will pay to the Contractor, 
at the times and in the manner mentioned 
in the foregoing (’onditions, the sums men- 
tioned and set forth in this Tender in respect 
of such of the said Stores as may be so 
required by, and duly delivered to, and 
approved by the Purchaser. 

9. Failure to Fulfil Contract 

If at any time or times hereafter any part 
of the said Stores shall not be so delivered 
to the Purchaser at the place and within the 
time aforesaid, and in conformity with the 
Provisions and Spi*cifications aforesaid, or if 
the Contractors shall become bankrupt or 
compound with their creditors or shall enter 
into liquidation (otherwise than in the case 


of a solvent Company for purposes of 
reconstruction or amalgamation) then in 
each and every or any such case, it shall be 
lawful for the Purchaser or his Agent, if 
thought fit, forthwith or from time to time 
to purchase Stores of the same description 
and quantity (or as near thereto as is practic- 
able) in lieu of the Stores neglected to be 
supplied or not supplied in conformity here- 
with, and either then or at any time after- 
wards during the existence of this Contract, 
to rescind the same by giving ten days’ 
mdice in writing to the Contractors in 
manner aforesaid. On the expiration of such 
notice the Purchaser may, if he thinks fit, 
without further notice to the (k)ntractors, 
enter into any other Contract or Contracts 
with any other person or persons whomsoever 
for the supply of Stores which may be 
requir<‘d to complete the nmiainder of the 
said C’ontract, and it shall b(‘ lawful for 
th(‘ Purchaser to charge and recover against 
the (Contractors, as liquidated damages, any 
excess of i)ric(* over and abc>vt‘ the (Contract 
prices herein reft'rred to. For any costs, 
charg(*s, and exptuises whi(‘h the Purchaser 
may have paid or become liable to pay, in 
consequence of any such purchase made by 
the Purchas<T or his Agent, or in consequence 
of the l^urchaser having enter'd into any 
such new Contract or Contracts, as aforesaid 
or otherwises through the default of th«‘ 
Contractors, the Certificatt* of th(» Purchaser’s 
appointed Officer of the amount of such 
excess of price, and of such costs, charges, 
and expeuist's, shall be final and conclusive 
evidence of the sam<\ 

10. Withholding of Pay mod 

After making any such purchase, or enter- 
ing into any such new Contract, it shall be 
lawful for the J^urchaser to hold and retain 
any money which shall be due to the Con- 
tractors on account of this Contract as 
s(‘6urily for any loss or deficiency, or any 
excess of price as aforesaid, which the 
Purchaser may have to pay in consequence 
of the non-peidormance and non-fulfilment 
of the provisions aforesaid, and to apply the 
same, so far as they will extend in satisfaction 
of such loss, deficiency or excess, when the 
amount thereof is ascertained by the (Certifi- 
cate of the l^urchaser’s appointed Officer. 

1 1. Evaluation of Stores 

The decision of the Purchaser’s appointed 
Officer with respect to the price or prices, 
sum or sums of money, which may become 
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due to the Contraetorh or to the Purchaser 
under this Contract, or with n\spect to the 
quality of the said Stores, and also in respect 
of any question tliat may ari^e concerniiii? 
the construction of the pro\isions aforesaid 
or the delivery of the said Sttvi'cs, or any 
other matter or thing wdiatsoe\<T referring 
to the same, sliall be final and binding on 
the Contractors and on tht‘ Puirhasei*. 

12. Indemnification 

The Contractors shall indeinnif} tlie Pur- 
chaser from and against all at'tions, j)ro- 
ce(‘dings, claims and demands in K'spect of 
any charges for ltoyalt> and or in i('spe<*t 
of any infringement of any Pati'id Higlits 
referred to in the note at tli(‘ ]i(*ad of this 
"l\‘nder. 

lib CustomH^ InffKttt, and f^J.vcifir I)nh(s 

All ]>ri(‘<‘s submit t(‘d on t Ids foi m of Tendei 
must includt* all Customs, Inqiort and K\ci‘^(* 
duties which are in opeiation on tin' dat(‘ 
when this T(*iRh‘r is foi wauled tlie Con 

tractor to the J*urcbasei or winch are io 
operate* during the peiiod of tin* Contract, 
provided that the proMsions of this clause* 
shall not affect the pro\isions of the Kniance 
Act . 

14 . Suhleitnaf 

This Contract (oj* anj portion tlH*re<»f) 
shall not be assigned or subl<*t b> the 
Contractors, unless piior permission has b<*(*n 
obtained, m wilting, from tlie Purchaser. 

Letting Orders 

In lotting orders, it is essential that 
the j>iircliasing ngent shall know 
general marked hwels of jiriees, as 
well as the priees wdneh he is being 
asked for partieular materials. Th(‘ 
pnrehasing olllecT wdio gives the \ endor 
the most eoiisideration on delivery 
dates will secure tli(‘ most favours in 
the long run. Some purchasing deimrt- 
ments have built up reputations of 
always putting the words ‘'Immediate 
Delivery Required” on orders. This 
is either disregarded by the vendor, 
or it puts the buyer at a eonqilete dis- 
advantage on price. If priees quoted 


are not adversely affected on that 
particular order, they are very likely 
to be so affeeted on the next one. If 
the stores stock records are properly 
maintained, there will usually be no 
reason for asking vendors to rush 
most of their orders, and proper 
delivery dates can be set readily. 

It is the practice of some general 
managers to k(‘(‘p watch over the 
relations of purchasing agents and 
vendors, with the idea that the pur- 
chasing ag(‘nt is r(‘presenting the 
eoneein before a large portion of the 
busiiK ss world, and Ilia t the impression 
w'liieh the trade* will get of the eon- 
eern and its policy will largely be 
determimd by tlie actions of the 
j)ur(iiasing agent. With this in mind, 
restrictions as to methods of letting 
eon tracts are* eiften put on the pur- 
chasing ek'jiartmenl by the manage- 
ment. Feir instance, loquirements as 
te) tlie* se*e*nring eif competitive bids on 
large* eontrae*ts are* often impeised on 
the* ])nretiasiiig de‘partmeMit epiite* as 
miieh e)ii aeeeiunt eif the* impressie)ii 
which this makes ein the* remaiiide'r of 
the traele* as to secure leiwer jiriees. 
Some* ee>nee*rns will not alleiw' the pur- 
(iiasiiig elepartme‘nl tei let e’eintraets tei 
any but the* le)we‘st bieleleT without 
reference te) a higher ollieial. A weird 
e)f eautiein is he)w(‘ve*r needed here, 
wiiieli ])e‘rhaps can best be e*xpressed 
by quoting Ren ja min Franklin, who 
e)nee said, “At a great pennyworth, 
pause awliile.” Theise whei buy on 
])rice only slioulel think this over — if 
a thing is too che ap, study it carefully 
before buying. Aft(*r all, the defects 
of an article will always be femnd out 
by the purchaser ! 


£7 (li on 
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ORDERING SPECIFICATIONS 


Importance of Specifications 

One of the most difficult phases of 
purchasing department work is the 
drawing up of adequate ordering or 
purchasing speeiheations. These must 
be governed by the requirements of 
the design or production department, 
and yet they must be in accordance 
with trade practice and trade terms. 
Specifications are absolutely essential 
if the product is to be standard, and 
if a number of quotations are to be 
asked for and compared. To a very 
large extent intelligent purchasing 
depends on drawing up good sp(‘eifica- 
tions to which vendors must conform. 
They arc real money-saving invest- 
ments, as marked economies and 
improvements can oft(*n be made. 
They frequently prevent a firm having 
to pay for a proprietary brand or trade 
mark name, built up at high adver- 
tising cost, when the same article can 
be purchased elsewhere at appreciably 
less cost. Perhaps even more impor- 
tant still is the fact that specifications 
enable purchases to be made on a 
level of quality which is just good 
enough and not too good for the 
purpose required. 

Purcliasing by means of specifica- 
tions is not popular with vendors 
who hav(‘ to include in their regular 
selling price the cost of establishing 
their trade mark. All concerns, how- 
ever, no matter how small, will be well 
advised to use this means of pur- 


chase. Care in drawing up the speci- 
fication and in the inspection of the 
purchases is the only requirement. 

Production and Service Materials 

Whether it be production or service 
material, the materials inspection 
department will form the link between 
the design and production depart- 
ments and the purchasing department. 

It should be noted that production 
matcTial is material entering into the 
product, and service material is that 
which is auxiliary to production and 
does not form part of the product. 
There will be instances in most works 
of materials that may be classed in 
both categories, notably metal bars of 
one section or another, which may be 
used equally as well for making com- 
ponents and for making tools or 
repairing plant. Service material 
includes articles such as pipes and 
fittings, wdiich are used in the instal- 
lation of fixed plant and machinery. 
It is possible, therefore, for service 
material to be chargeable to a capital 
account instead of to one or other of 
workshop expense accounts. Service 
materials rarely have the attention 
which they warrant in regard to speci- 
fication and standardization, though 
the same principles apply in their case 
as in that of production materials. 

To give a clear explanation of what 
constitutes a properly drawn up order- 
ing specification it is suggested that 
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a number of specifications which arc 
suitable for representative engineering 
products should be eonsidered. In the 
first instance consider a purchase 
specification for round steel bars for 
automatic machine work. It is sug- 
gested that this may be worded as 
follows — 

{Example 1.) 

Specification for Round Steel Bars for 
Automatic Machines 

1. Quality 

I'he Bars shall bo of British inaiiufactiiro 
throughout, to ono of tht* grades and liiiishos 
heroinaflor mentioned, and shall bo manu- 
factured from stool of th<‘ best quality, 
produet*d by the (^|M‘n Ib'arth (Acid or 
Basic) 1‘rocoss, and must not show on 
analysis more than 0*000 per cent of sulph ir 
or of phosphorus. The Manufacturer must 
supply to our Inspector a full choiriical 
analysis of t‘ach cast submitt (‘d. 

2. Manufaciurimj Tolerance 

The Bars sliall b(* nianufactur(‘d to con- 
form to the tol(Tanc<‘s shown in the 
accompany ing Table — 


plied in ono of the following finishes, as 
stipulated on the order — 


{a) Bright . 
(b) Blue 


/('old rolled 
I Drawn 
I Turned 
\0 round 
Reeled 


4. Tesla 

(a) IVsts will be taken at the rate of ono 
tensile tost and ono b(‘iid test from every 
50 bars or part tlu'reof, from eacdi size in 
eacli cast as submittt‘d for inspection. 

(h) The tost piecihs solo(‘tod must be pre- 
pared to the roipiirod form without any 
rehea' ing or other manipulation whatever. 

(c) Tensili* Tost Pi<‘co. — This tost shall b(» 
carried <nit on a l(‘st pii'ci* having a gaug<‘ 
length eijual to four tinu's tin* square root 
of th * area. In the case of bars 1 J in. and 
ovc*r in diameter, thi* longitudinal axis f»f the 
te.st pieci* shall bt‘ in. from thc» surface t>f 
the bar. 

{(i) Bend T(‘st Pi<H*e.— Bars up to and 
iiK-luding 1 in. in diaineier shall be tt*sted 
full size. 

(f) Bars over 1 in. in dianu^ter shall be 
turned down to a diaimd/or of 1 in, 

(/) The tensile test pi(‘ces must withstand 
the t<*sts indicated below- * 



Bright 

1 Blue 


Finihli 

Kmish 

Size ot Bar 



(Dmineler) 

Toler- 

Tuler- 


ance* 

arwe 


*000 

•000 

C]) to 1 in. 

•003 

1 010 

Ov(»r 2 tn. anti up in in.. 

■004 

1 015 

Over IJ in. and up to !§ m. 

•004 

1 -020 

Over ij in. and up to 1 J in. 

•001 

1 025 

Over 11 111 . and up to 11 in.. 

•005 i 

f -050 

Over 3 in. and up to 4 in. . 

•005 

1 -075 

Over 4 in. and up to 5 in. . 

•OOt) 

i 100 

Over 5 in. 

■007 j 

1 150 

3. Finish 




All Bars shall be sound and straight, frt*e 
from twist/, seams and damaged (uids, and 
shall have a workmanlike finish. They shall 
be uniform in quality, smooth and clean, 
and come within the stipulated margins of 
maiiufacture ; they shall be capable* of bedng 
turned and scr(*wed easily, and shall give a 
good machined finish. They shall be sup- 



Miuinuiin Elongation 

Maxiuiuin Stress 

Cold Boiled 

Ot her 


and Drawn 

1 Finishes 

Tons j)er sq. iii. 

Ptu' cent 

Per cent 

35 to 42 

15 

20 

2S to 35 

17 

24 


(f/) The* b(‘nd t(‘.st pi(‘c<' must withstand 
bc'ing doubl(*d over until the internal radius 
is equal to tin* diaTnc‘ter of the t(‘st piece, 
and the sides are parallel, without fracture, 
and without developing any oj)en cracks on 
their outer surfaces. 

{h) A copy of the r(‘sults of all tests, which 
must bt* niad(* in the presence of our 
Inspt*cti>r, sign(*d by the Contractor, or his 
Rcpr<»sentativ(*, is to be supplied to our 
Inspector. 

(j) A portion of any t(*sted bar to be 
supplied to us when requested, free of cost, 
for t(*sting at our Works. 
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5 . Marldiiij 

(tt') T\ie s\\a\\ adopt a system 

of warkinfi" tho rnaform) in a)) f^ho st€'igos of 

inamifacUire witli its cast nuinb(‘r and fur- 
7j/ier loti or, and our Heprcscntafivo shall be 
gjvrn <*vory facility for tracing the name to 
itfi source, if desired 

(b) hJacb bar 1 in. in diainoter and upwards 
shall be clearly stamped, within 0 in. from 
(Hie end, with the Manufacturer’s name* and 
cast number. All bars und(M* 1 in. in diameter 
sliall be fastened toRetln^r in bundle's; each 
bundle must have a meial label atlaclu'd 
siviiig this information. 

0. (ieneral (laufics 

(a) The material sliall be* maniifae'ture'el in 
the Geintracleir’s e>wn Works unle\ss pe'rmis- 
sion has b(*<‘n obtaine‘d tei suble*t the* wliole 
of the* orel(*r or any pea-tion the'ri'of to an 
approv<*el firm, in wliie'h ease a copy of the 
Buble*t orde*r must be* fbrwarde*el to our 
addivss, as abeive, imme*diate‘ly it is place‘d. 
When the 8te*e‘l is ned eif the* (Vmtrae-tor’s 
own make*, he shall furnish te) us, in writinj?, 
the name* of the* Manufae'ture*!’ and his cast 
numbe*r. 

(h) Suitable te*st ]>ie*e*e‘s tei be pre»videHl 
when re*e 4 uire*d by us fen* furthe*i* tests without 
char^^e. 

(c) Mate*rial will neet be* aece*pteel which 
does ne)t witlistand the* s])eH*ifie*d te*stH, en* in 
which the* te*sts reve*al any ele*fe*ct, and any 
mate*rial femnei te> be* ele*re*ctive* afte*r eledivery 
will be returned tei llie (\)ntracte)r at his eiwn 
expense, ned witlustaneiiiiK that it may have* 
passe'd the te*sts re*e|uire*d by tliis Spe‘e*ifie*a- 
tie)n, and have* be*en acce*pteel by our 
Inspe'ctor. 

(d) Our Ke»pre*se*ntative* shall have fre*t* 
acce'ss to the ^^erks e)f the* Manufae'ture*r at 
all re‘asonal)le* times, shall be* at liberty te> 
inspe'e-t the* manufae'ture* at any stage*, and 
to rejeH’t any mate*rial that eleies not confeirm 
to the terms e)f this Spe*cifi(*atie)n. 

(e) The* Manufacture*!* shall furnish the 
material feir any tests rt*eiuirt*d, and shall 
alse) proviele the nece^ssary labemr and appli- 
ances for e*arrying out such tests free of 
charge. Failing fae'ilities at his own Works, 
the testing shall be carried emt at a testing 
works appro veet by us at the expense of 
the Manufae*turer. 

if) Due nedice shall be give»n tei us whc»n 
the material is ready for inspection. 

(e;) Material must not leave the Maker’s 
works before a forwarding (*ertificate has 


been obtained from our Inspector, and this 
certificate must be forwarded to us, attached 
to the invoice, as evidence that the material 
has been duly accepted. 

Particular attention should be paid 
to what have been described, in the 
foregoing, as “General Clauses.'' They 
are very important. Broadly speaking, 
they should be included in all purchase 
sj)eeilications, only those modifica- 
tions being efh eied which the nature of 
the purchase makes necessary. In the 
four furtlicr equally representative 
examp](*s it will b(* readily appreciated 
that tlu* general (‘laiises should be 
inserted in each ease ; they are merely 
omitted now to avoid repetition. 

{Eramplf 2 .) 

Specification for Brass Rods 

1. Quality 

The Rods shall c*(niform to the following 
analysis — 

Copper . . Not li'SB tlian 57 ]>or c(*n1 and not 

more tliaii (K) ])er cent. 

Zim* . Not less than 8S per <*ont and not 

more than 40 per cent. 

Lca<l . .Not loss than 1*0 per cent and 
not mort^ tlian 2-() jior cent. 

Tin (if jin^sent) Not to ex(*ced 0-5 jier cent. 

The total of tdher im])uriti(*s mual not 
cxcc€*d 0-75 per (*ent. The Manufacturer 
.shall, at his own oxpi*nse, supply an analysis 
wJi(*n re(| Hired to do so. 

2. Finish 

The Kods shall be sawn oft* s^juaro at the 
ends to a length of 10 ft/. unl(*as otlierwise 
spt^cifled on the ord(‘r. Tlu'y shall lx* sound, 
straight, free from twists and all other 
defects, capable of being t urned and screwed 
easily in automatic machines, and shall give 
a good finish. The Manufacturer’s name 
shall be stamped on each Rod not more than 
6 in. from the end. 

3. Manufacturing Tolerance 

The Rods shall be manufactured within 

the following limits — 

Tolerance 

Round Bars iiiuler J in. dia. f 0‘000-0-002 in. 
Round bars | in. dia. and 

uiulor in. dia. . . 0 000-0*003 in. 
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over . . . . 0*000-0*004 in. 

Hex. and Square Bars under 

jin 4- 0*000-0003 in. 

Hex. and Square Bars j m. 

and under 1 J in. . . -f- 0*000-0*004 in. 

Hex. and Square Bars IJ in. 

and over . . . -f O OOl^-O-OOe in. 

4. Tests 

One bar will be selected from every com- 
plete fifty bars, or part thereof, for testing; 
one t/ensile test, one cold IxMid t(\st, and one 
hot bend test will b«' tak(*n from this bar. 
The test samples sliall be T'emov<*d from the 
bar by nii king and lireaking, and the frac- 
tures tlms revealed must show no sign ot 
piping or any other detect. 

The prepared t(*st ])iec<*s shall comply with 
t he follow mg test.s - 

Tensile Test. Tin* tensile streiigtli of bars 
un(h‘r i in. diannder or across the fiats sliall 
be not less than 28 tons pel* siiuan* inch wdth 
an (‘longal ion of not less t han 22 pi‘r <M‘iit , and 
in tin* case of bars J in. and ov«‘r m (liamet<*i 
or across the fiats shall In* nnt h‘ss than 2r* 
tons p<‘r sipiare inch, with an t*longation of 
not less than 22 pc*!* cent. In (‘ach case* a t(*st 
bar having a gauge* length vvhi(*h c*({iials 
4 Vaiva shall he used. 

Bendimj Test. T<‘st ])i(*c(‘s cut from bars 
up to 1 in. diamc'tei* or acrc^ss flats will he* 
b(‘nt «as rollcHl. In the* case of bars in (*vc(*ss 
of these* sizers, te*st piee*(*s shall he* machine*d 
ec’centrievilly to I in. diameter so that tin* 
test piece includes the skin at one side*. The 
above test pie*ces must withstand bending 
cold round a bar H in. diame‘te*r through an 
cangle of IMT with tin* outside skin in temsion 
and also bent at a re<l licat tlirough an luigh* 
of 180" and llattenied close* uji. In e*ach case 
the bends must sliow' no sigii of fracture 
or failure. 

5. Subletting 

The Hods shall be* rolh'd or extrude*d in 
the Contract oi*’s owui works unh*ss iiermission 
has been e)btaine*d to sublet the whole tif the 
order or any portion th<'r<*of to an ai)pro\i*d 
firm, in which case* a copy of the sublet order 
must be forward<*d to us immediately it 
is placed. 

fi. Results of Tests 

A copy of the results of all tests, which 
must be made in the prese nce* of our Inspector 
and signed by the Contractor or his llepre- 
sentative, to be supplied to the Inspector. 


A portion of any tested Hod to be supplied 
to us when requested, fr<*(* of cost, for testing 
at our Works. 

{Example 8.) 

Specification lor General Steel Castings 

1. Quality 

The Castings shall be* of British manu- 
facture* throughout and ])rotiuc(*d by an 
approved pro(*c‘ss and must not sliow on 
analy.sis more than 0*()fi0 pe*r cent of sulphur 
or of phosphorus. The* Manufactur(*r shall 
suppl> the analysis of* each cast wdien 
requiresl tei do .so. 

2 . (titfilt 

The* sti*<‘l shall be* e»f etne of the* grades 
e‘num(*rated in Chiuse* 8 as will be* stipulated 
on the o!*ele*r 

8. A nnealimf 

All Castings shall be* thoremghly anne*ah*d 
by lie‘ating te> a t e‘mpe*ral ui’e* not h*ss than 
the* ne)rmalizing te‘mpe*rature‘ anel alleiwing tei 
ce)o! slowdy bom tlie* maximum t<‘mp(*rafur<* 
in a pra(*ti(*ally uniforin manne*r. 

t. Aeeuraey 

The Castings shall be* ae‘curate‘ly me)uld<*d 
in ace*ordanc<* with the* patle*rn t>r the W'eirk- 
ing drawing su])plie*el by us, anel the* initials 
of the* Manufaet ure*r anei date* of manufacture* 
shall be* cast eui e‘ae*h article* whe*n practicable, 
otherw ise* the*se‘ particulars, tog(*the*r with the 
mdual east nuinbe*!*, must be* stamped 
the‘re*on, e’lose* to the* mouleh*d numb(*r of 
the ))atte‘rn. 

5. Dfsrrepaneu's 

The* Manufaeduivr shall ceanpare* the* pat- 
tern with the* drawing s<‘nt, in eirder te> be* 
.satisfiid that the*y are* in agre*e‘ment. If an> 
discre])ancy is found it must be point e*d out 
to us be*fore* pre>c(*e‘ding with the* we)rk. 

fi. RerliJiralitfU 

No we*lding e>r fillifig of any description 
shall be unde*rtake*n witliemt the* consemt of 
emr Insjie'cteu* and any de*ft*e ts, from what- 
ever cause*, sliall be submitted to emr 
Inspector feir sanction befeire* welding. No 
dre*asing of salarnriiemiac or othe*r sedutieius 
must be* applied to the* castings until these 
have* be*en passed by the Inspector. 
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7. Teat Blocks 

One additional Casting, for testing to 
destruction, to be supplied with every fifty 
or lesser number ordered, this Casting to be 
selected from the bulk by our Inspector, and 
tested in any way considered desirable by 
him. All Castings weighing 1 cwt. or more 
must have test blocks formed on and cast 
simultaneously with each Casting, of such 
size and in such position in the mould as will 
furnish test pieces which shall be reiire- 
sentative of th(* rf^rnainder of the metal. In 
the case of (Jastings weighing less than 1 cwt., 
10 per cent of the (castings in each cast 
submitted shall be cast with such test blocks 
as indicated above. 

8. Tensile Teat 

From the test blocks referr(‘d to in Clause 7 
above our Inspector will make a selection at 
the rate of one tor each cast or one from 
each Casting weighing over 1 cwt., from 
which the test pieci'S must be machined cold 
without any r(‘heating what(‘v<‘r. The tensile 
test pi(‘CM' shall be machiu(‘d to a diamettT 
of 0-798 in. with a gauge length of 8 in., or 
if this is impracticable of 0*5t)4 in. with a 
gauge length of 2 in. 'This test ])i<*c<‘ must 
comply with the requiri'inents for thc‘ 
respective grade indicated in tin* tfible 
below — 


11. Addilional Tests 

A portion of any tested Casting to be 
supplied to us when requested, free of cost, 
for testing at our Works. 

12. Markings 

The Manufacturer shall adopt a system of 
marking the material in all the stages of 
manufacture with its cast number and 
furmico Ic'tter, and our Representative shall 
be givt‘n c‘very facility for tracing the same 
to its source if desired. 

{Example 4.) 

Specification for Steel Files 

1. Quality 

Th(* Kilos must be of the best quality and 
must have the Manufacturer’s name and this 
Finn’s initial legibly stamped, when hot, 
on the tang. 

2. Tests 

Th(* (pialily of the Files will be ascertaini'd 
by means of ti^sts carrit*d out in the following 
manni-r 

Two sid(*s of ev(‘ry Kile ti'sted must to- 
gether cut from a stc*el bar (of the chemical 
composition and hardness derm(‘d in Clause 4) 
in not more* than 30,000 stroke's, lengths in 
ae-cordance with tiie following table*— 


Orado ' '''‘’"t!'” 

Strength 


Minimiiin 
Kiongat ion 


'rolls pea* Hq. in. 

1 2(5 .‘54 

2 ( .‘5.5 40 

( Over 40 


Tea- ceait 
20 

*1.5/10 

10 


* The figurejs reproHouting the tensile strength 
anel elongation niust total to not less than ,50. 

9. Bend Test 

This will be taken from Grade 1 Castings 
enily, and the teat piece shall be turned tei 
I in. diameter, 9 in. long and must witlLstanel 
being bent cold through an angle of 120^^ 
rounel a bar 2 J in. diameter, without showing 
any signs of fracture. 

10. Machining of Teat Pieces 

All test iiieces shall be machined cold 
without reheating or any other manipulation 
whatever. 


Teotli 

Amount to be 
Removed from 

per 

Har when each 

inch 

stroke is 6 in. 

16 

inches 

4 -.5 

17 

4-2 

18 

40 

19 

3-8 

20 

3-6 

-21 

3-4 

22 

3-3 


Tooth 

Amount to he 
Removed from 

per 

Rar when eacli 

inch 

stroke is (5 in. 

23 

inches 

31 

24 

3-0 

2.5 

2-9 

2(5 

2-8 

27 

1 2-7 

28 

1 2-6 

29 

1 2-.5 


In the case ol rtmiid Fih*s, tin* amount to 
be remov^ed will be that shown in the Table 
for a File having one tooth per incli above 
the actual number. 

When practicable each h‘’ile will be tested 
with a stroke of 6 in. on a bar 1 in. square 
with a pressure of 30 lb. In cases where the 
stroke is less than 0 in., the amount of metal 
to be removed from the bar will be varied 
in direct proportion to the stroke from the 
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figures in the above Table, When the test 
bar is other than 1 in. square, the pressure 
will be maintained at 110 lb. pcT square inch 
of the cross-sectional area of th«‘ btir. Th<‘ 
cutting strokes will be made at the rate of 
50-55 per minute. 

3. Selection of Samples 

Samples for testing will be st*l(*eted by our 
Inspector at the ]VIanufaetur(*r’s Works, at 
the rate of two Files from t‘acli size of evt‘ry 
batch submitted for inspection, and in cases 
where 0 gross or more of any oin‘ siz(' are 
subinitti'd, the consignment is to be split 
into batches of not mort' than (i gr<»ss eacli, 
and two Filers will b<‘ select t'd therefrom. 
Each batch will be sealed by our Inspector 
and the seals must rt'inain unbroken on 
delivery at rmr Works. Tin* leasts will be 
carried out at our own Works. 

4. Hardness of 'Vest Bars 

The Steel Bars used in t lie above teats wul 
have an analysis approximately as follows - 

Carbon Silicon Man- Sulj)linr Phos- 

ganos(» phorus 

per cold percent per cinU ixn* c<Mit jier cent 
0-60 0-30 OSO O-Oaf) 0035 

Each Bar will als<» lx* tested for liardness 
before us<‘, and noii(‘ will be utiliz<*d liaving 
a Brinell hardiusss nuinbi'i* of mor(‘ than 
2 IS or less than 2 IS when tested with a ball 
having a diameter of 10 milliinetri's and a 
pressure of 5000 kilogrammes, or a Ludwig 
hardness number of from 217 to 101 when 
teste^d with a 00° cone. 

{Example 5.) 

Specification for Steel Conduit and 
Fittings for Electrical Wiring 

1. Quality 

Th<‘ Ckmduit shall consist of heavy gaug<‘ 
Welded or Solid Drawn Steel Tubing in 
straight lengths not exceeding 15 ft. long, 
rodded and scr(*W(*d and r<»amered at both 
ends, and, except as otherwise stated in this 
Specilication, tin* (Vmduit and Fittings shall 
conform to B.S.T. Specification No. 31— 1033, 
Class “B.” 

2. Einish 

The Conduit and all Fittings shall be 
either stove (*nainelled or hot galvanized as 
specified on the order, the Conduit to be 
enamelled or galvanized both inside and out. 


3. Inspection 

The (\)nduit and Fit tings will be inspected 
by our Inspector at the Manufacturer’s 
Works Ix'fore delivery; 5 per cent of the 
(\mduits submit! (*d shall bo selected for 
t(‘sting, and portions will be cut from thesi* 
for bending and flattt‘ning teats; in the case 
<»f (lalvanized Conduit and Fittings a 
gahanizing test \vill also be made. 

1. Mfchanieal 7'ests 

(a) Hendiny Test, Tin* bending test shall 
be made on a .suitabh* appliance*, and tin* 
p<»rtiona s(*l(‘cted shall lx* capable of being 
belli lo an int(*rnal radius of two and a half 
tinn*s tin* diameter of the Conduit through 
an angle of ISO"’ withoul showing any signs 
of liaci lire or liiilure at tin* weld. 

(b) Ftatteniny 'Test. \ porthm of (’onduil 
fi in. long must withstand being flattened 
until ihe inl(‘rnal walls of the Conduit meet, 
and subse(|ui‘ntly being bc*nt over on its<*lf‘ 
until the inside surfaces mec*t, without 
shcming any signs of cracking or mal<*rial 
d(‘fects. 

(c) (falvaniziny 'Test, ’fhe quality of the 
galvanizing shall lx* tested by plunging 
samples of the (ialvanized Conduit t»r Fit- 
tings in a fr(*shly made* neutral solution of 
sulphate of co])p(‘r and allowing to remain 
in the solution for oni* minute, when th<*y 
shall b<‘ withdrawn aiul wip(*d ch*an. The 
galvaniz(‘d samples shall admit of tliis 
pnx'e.ss being jx*rformed four tim(*s without 
.showing any signs of a de*posit of metallic 
copp(*r on tlie samples. 

(d) 'lest for Malleahility of Cast-iron Fit- 
tmgs. Artic]i*H se](*ctf*d at random from each 
batch shall lx* capable* of b(*ing deforme*d in 
configui'ation by hamme*!* blows withoul 
showing any signs of fracture. 

Modification of Specifications 

At tiinps spccilicutions may In* modi- 
fied to suit tJic needs of the vendor. 
Thus slight and unimportant modi- 
fieations of specifications may bring 
considerable reductions in the quoted 
price, because the revised specifica- 
tions will fall within the standard 
product of one or more of the vendors. 
Sometimes specifications are not deter- 
mined by the buyer or by the vendor, 
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but by the state of the market. This ment ean then only determine the 
is partieularly true with those com- grade to be bought, and see that the 
modities whieli are suhjeet to wide commodity comes within the market 
quotation. The purchasing depart- regulations for the grade ordered. 



CHAPTER XXVIII 

INSPKCTION STANDvUtDS 


In most engineering faetories tliere are 
three main divisions of inspection and 
testing. Th(‘ order in which these 
occur is as follows - 

(1) Inspection and testing of 
materials and component parts sup- 
plied from outsid(‘ sources in 
accordance with standard ordering 
specifications. 

(2) Insjiection of partl\ finished and 
iinished components during manufac- 
ture, as A\cll as linal ins])ection of tlu 
prodiH't after asseml)l> in accordaiK-t 
with sti])ulated r('(iuir(‘ments, em- 
bracing siz(‘ and finisli. 

(8) Testing for performance of the 
completed product in accordance with 
a predetermined standard, which is 
usuallN laid down in the functional 
design. 

Materials Inspection 

Inspection is a ncccssarv safeguard, 
as much against honest mistakes and 
errors of judgment as against fraud. 
A firm buys mat<*rjal for the nuist part 
to sell again in a diflenait form, and 
their own reputation is endangered if 
they arc careless about the cpiality of 
the material purchased. It should be 
a condition of a purchase order that 
while the purchase is made subject to 
inspection by the buyer, this does not 
relieve the sujiplier of his responsi- 
bility. (Sec “General Clauses,” 
Chapter XXVII, page 392.) 

When it is necessary to inspect 


contracts at the supplier's works, still 
greater distinction and responsibility 
is involved on the part of the visiting 
inspectors. In particular, the inspector 
should b(‘ al)lc, as the result of his 
visits, to report on tin* capacity and 
rcliabilil s of th(‘ suppliers, c.g. whether 
their organization and management 
arc such that they will ensure uni- 
formly reliable products, etc. 

It was shown in the previous chapter 
that in a large nu'asure inspection 
standards relating to materials should 
b(‘ embodied in ord(*ring sj)(‘cili(*ations, 
the t(‘sts which arc spccilied generally 
being carri(‘d out as a mattiT of routin(‘ 
b(for(‘ material is accepted. Not all 
])urchases will justify the making of 
definite material tests, and dependence 
is, \(*ry properly, placed largely on the 
undertaking of tli(‘ (contractors to })ro- 
vide mat(‘nal (‘omplymg with the 
spccilic'ation furmslKcd to them, or in 
som(‘ cases furnished by them. The 
latter alternative is v(*ry important, 
because it is the first business of a 
mat crials i nspectioi i depart rnent , in 
drawing up ordering specifications, to 
pay regard to what is already on the 
mark(‘t. This department should be 
responsible for the quality of the 
various materials dealt with, wdiilst 
the responsibility with regard to the 
actual size and finish should be dealt 
with by the works’ jiersonnel. Accord- 
ingly, if material is n^ccived in an 
unsatisfactory state the matter should 
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be taken up with the manufacturer 
through the materials inspection 
department and, if necessary, the 
material returned to the manufacturer 
at his expense. 

The following proposals are sub- 
mitted as a guide for the efficient and 
economical running of a materials 
inspection bureau- 

(1) Steel bars, blooms, sections, 
plates, general steel castings, and 
malleable iron eastings should be 
tested only, but not surface inspected 
or gauged, at the manufacturers* 
works. 


(2) General steel plates, steel fer- 
rules, taper and split pins, iron rivets, 
tubes and fittings for gas, water, etc., 
common bolts and nuts, and general 
quality rivets should all be purchased 
without inspection, at the manu- 
facturers* works. 

(3) S))eeial quality rivets and bolts 
should be inspected at the manu- 
facturers’ works. 

(4) Steel tubes, copper tubes, copper 
pipes, copper rods and brass rods 
should be tested, and a small propor- 
tion examined for size, finish, etc., at 
the manufacturers’ works. 


Matj:rtais Insphction Huukau 
(’EHTIFK’ATK OF INSPECTION OF MATERIALS 

Thm (^erttjicate must atcompatnjt undf with the Material passed heteby, 
agree with the Invoice 


(Vitjficate No. 

B 4522 


I.R. Ref 


Messrs. 


Quantity Passed 


Order 
Issiuid from 


Full Description of Mateiial 


Quantity Rejected 


Remarks 



Signed 


Date 


Fio. 306. Certificate op Inspection 
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(5) Files, aluniiiiiuni ingots, and 
manganese copper ingots should be 
tested or analysed after delivery. 

Inspection Certificate 

A visiting inspeetor should carry 
with him the private stamp of his 
firm, and he should, where^ er practic- 
able, imprint this on every- 
thing he accepts. After doin^» 
so he 'should issue a certificate 
of inspection in accordance 
with the sample given in 
Fig. 800. 

Universal Testing Machine 

Tlie machine illustrated in 
Fig. 807 permits of one opera- 
tor carrying out any of th(‘ , 

usual mechanical lists ten- 
sion, ( ompression, transxerse, 
bending, and slu‘aring- It 
comprises a pumping unit, 
straining unit and load indi- 
eating unit, and gives xisihle 
indication of the load on both ^ . 

sides of till machine, on a 
graduated dial of large diam- 
eter. A loose pointer indi- 
cates the maximum load. Two sets 
of graduations can be jirovided on 
the dial for high and low capacities. 
A lever control is embodied to alter 
the capacity when the machine is 
arranged for tw7) capacities. 7'he 
height is convenient for the operator 
to position specimens. The front 
columns are graduated to provide a 
means of measuring the deformation 
of specimens. Visible “tell-tale ” signal 
lamps on the control panel indicate the 
operation of the maximum pointer 
circuit and relay switch when such is 


arranged for automatic load main- 
tenance tests. Loads can be auto- 
matically maintained for any period. 

Oil is used as the pressure medium, 
and this is delivered to the cylinders 
of the straining unit via a control 
valve. The pressure oil operating upon 
tlic rams forces tlic interiiu^diate cross- 
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head upwards, which action is utilized 
to carry out tcuisile tests between the 
moving and the lower (nx(‘d) cross- 
heads. Compression and shearing tests 
are made betvv(*en the ujiper surface of 
the moving crossliead, and the under 
side of the toj) lixi'd crosshead. For 
transverse tests the two dogs on the 
moving crosslu ad arc used to support 
the specimen, which is forced against 
a pressure foot secured to the top 
erosshead. 

The resistance of the specimen 
determines the pressure within the 
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straining cylinders, which are in coni- 
nmnieation with a smaller cylinder 
situated in the load indicator cabinet. 
The ram of the small cylinder, which 
is in direct connection with the 
weighing mechanism, is reduced in 
area (by a definite ratio) to that of the 
rams of the main straining cylinders, 
so that weighing and straining are 
effected through the medium of 
hydraulic pressure. 

Machines of this type can be 
obtained in many capacities, the 
particulars which follow b(‘ing repre- 
sentative of good practice for 10-ton 
and 100-ton capacity machines 
respectively— 


istic of a material is obtained only by 
the “Izod” impact test which is uni- 
versally adopted, and which consists 
of the application of a single blow to a 
specimen of prescribed form and held 
as a cantilever. 

The specimen is notched at its 
striking face to ensure that the effect 
of the blow is definitely located at a 
fixed distance from the point of im- 
pact. The blow itself is imparted to 
the specimen by a pendulum of 
prescribed weight falling through a 
height suflieient to exercise the maxi- 
mum capacity of the machine. In 
addition to indicating the toughness 
of a material or its power to resist 


(Japacity .... 
Smallest Qraduatiun . 

Alternative (Traduations in Centals 
Smalhjst Graduation . 

Tension Test 

Distance available between Hol- 
ders 

Extension Scale 

Maximiiin Si/.e of Spociinon that 
Machine will accommodate 

CoMPiiESSioN 1’est 
Space available between Platens 
Tbansverse Test 
Maximum Span 

Maximum Height of Teat Piece . 
Width between Columns 
Maximum Deflection possible 

Bend Te.st 
Minimum Span 
Stroke of Rams 


10 tons 
0 02 ton 
20.000 lb. 
50 lb. 


H m. to 21 in. 

Flats: 0in.-|m. 

Marked 0-18 in. by lo in. and 

A in- 

Hounds: 1 in. dia. 

Flats: 2 m. wide ^ m. thick 

20 in. 


45 in. 

12 m. 
OJ in. 
4 in. 


6 in. 
.18 in. 


100 tons 
0*25 ton 
200,000 lb. 
500 lb. 


3^ m. to 24 m. 

Rounds: J in.-l in. 

Marked 0 20 in. by in. and 

A in- 

Rounds : 1 1 m. dia. 

Flats: 4 in. wide X l^in. thick 

21 in. 


51 in. (Maximum load 
50 tons) 

12 m. 
lOi in. 

5 in. 


6 in. 
20^ m. 


Impact Test 

Whilst tensile, compression and hard- 
ness testing machines are extremely 
valuable for ascertaining the dead 
load resistance of a material, they do 
not necessarily indicate its resistance 
to shock. This important character- 


shock, the Izod test is useful to the 
manufacturer by virtue of the fact 
that it is able to reveal incorrect 
eheinical composition; for example, a 
material containing too high a per- 
centage of sulphur or phosphorus will 
tend to be brittle and therefore have a 
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low impact value. Other defects in the 
chemical composition of a material are 
also indicated by the Izod test. A 
material wdiich has been cold worked 
but has not been normalized will fall 
short of its maximum Izod impact 
value according to the amount of cold 
working to which the material has be(*n 
subjected. The impact value of a sj)cci- 
men will indicate wluther a material 
has been correctly heat-treated. 

The variety of material recpiired to 
resist shock is ever increasing, and th(‘ 
Izod test is now appli(‘d to all grades 
of iron and steel, iron castings, nUcI 
sections, material us(‘d in Ihe manu- 
facture of nuts and bolts, non-ferrous 
material, insulating material, porce- 
lain, timlier, glass, fire brick, etc. 

Impact Testing Machine 

The impact testing machine illus- 
trated in Fig. 308 consists of a base 
easting ui)on which are (Tected two 
rigid “A” frames of impro\ed design. 
Ih'tween the ap(‘x of these frames is 
swung a pendulum, mounted in ball 
bearings in sucJi a way that all lateral 
movement is prevented. A vice pro- 
vided with suitable grips for holding 
the specimen is secured to the base 
casting. The pendulum is htted with 
a plug into which a hardened steel 
insert is dovetailed and \>hieh strikes 
the specimen at a fixed distance above 
the surface of the gripping dies. This 
insert is renewable without removing 
the plug from th(‘ pendulum. A 
graduated quadrant is secured to the 
“A” frames and the impact value of 
the specimen is indicated upon this 
quadrant by means of a loose pointer 
carried forward by the pendulum. 


To make a test the specimen is 
positioned lirst in the vice. The pen- 
dulum, raised to its maximum position, 
is then released by means of a trigger, 
and on its downward swing breaks the 
specimen. The residual energy in the 
pendulum causes it to continue its arc, 
and the extent of its tra\el (v>hieh is 
also a measure of the residual energy) 
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IS jndieat(‘d on tht‘ quadrant by im‘ans 
of the loose point(T. VVhiI(‘ the s[K‘ci- 
men is being remoNcd, the pendulum 
may be rested against tiu* stop on the 
frames. This stop falls away when th(‘ 
])endulum is rais(‘d. After fracture, 
the sjieeimcm should be examined, as 
certain qualities of a material may be 
judged from the appearance of the 
fraetur(‘. 

An inverted quadrant, by which 
the reading of the 1(‘st results isfacili- 
tat(‘d, is graduated at each side of tlic 
vertical line from zero up to the maxi- 
mum capacity of the machine. The 
impact value of the specimen under 
test is indicated on the right-hand 
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side of the quadrant, while the left- 
hand side is graduated to enable the 
pendulum to be adjusted to various 
capacities; it will be realized that if 
the height of fall of the pendulum is 
altered the striking velocity is also 
altered. 

The standard graduation for the 
quadrant is 120 ft.-lb. It can be 
graduated in the metric standard to 


three tests arc made of a material and 
the average result taken. For this 
purpose specimens are often prepared 
in lengths having three notches, which 
are so arranged that the second test 
can be carried out in an opposite 
direction to the first and last tests. 

The type of form recommended for 
use in conneetif)n with orthodox 
material tests is shown in Fig. 310. 




4-S*tnclud«d angle 


LI 

^ 2 mm 


fHamnMrstnkes here 
* JO mm 


-75n 


* (4^=^ 22 mm — J 
'^Striking distance 
of Pendulum 




28 nm- 


-28 mm - 


-28mm- 


4^*included angleJ], /Hammer stnkes here 


45* included angle 


8 Jim I 


. H — 22mm— 4 , 


8 mm 


h»0m<v 


lOmm 

-i 


-150* 




Kio. Bunisii SrANDAiti) Notchid IUu Tbsi Pji.( r 


17 kilog.-iiK'tres, or in hotli English 
and inetrif standards, in which case 
the metric graduations will be from 
zero to 10*0 ki log. -metres. The gradua- 
tions on the quadrant are fixed by the 
vertical fall of the pendulum, the 
position of the pendulum at the various 
heights being measured by standard 
gauges. 

The British standard notched bar 
test piece (B.S.I. Spec. 181) is 10 mm. 
X 10 mm. in cross section, the form 
and d(‘pth of the notch being illus- 
trated in Fig. 809. The specimen is 
positioned in the vice by means of a 
positioning gauge, thus ensuring that 
the blow shall be struck at the 
requisite height above the notch 
(22 mm. for 120 ft.-lb. machine). 

It is recommended that at least 


Limits 

After materials inspection, work- 
manship has to be (‘ontrolled in regard 
to dimensions and finish. The working 
drawing should specify both dimen- 
sions and finish - the former in precise 
measurements of high and low limits 
for dimensions that are important for 
interchangeability or performanee, and 
the latter by description to be inter- 
preted by inspection practice and 
sometimes supported by samples 
approved by the customer. Usually 
the more difficult inspection standards 
to fix are those relating to performance, 
and the use of a questionnaire may be 
the best way to build up the requisite 
standard. 

It is the accepted drawing office 
practice, when a nominal accuracy is 




Report of Tests upon Sheet No. 



Fig. 310 . Report of Material Tests 
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not enough, to include the limits of 
dimensions on working drawings of 
components. Sometimes there is a 
tendency to adopt needlessly fine 
tolerances, and it is a matter of great 
importance to ascertain the real 
requirements demanded by economy 
in assembly and effieieney in perfor- 
mance. This exploration might 
reasonably be a function of the 
research and development department, 
and be associated with after-sales 
service experience, and investigation 
of customers’ complaints. 

Finished Work Inspection 

With finished work insjjeetion 
within the faetory it is highly impor- 
tant that the exact nature of the 
inspection required for every measur- 
able state of insjieetion of an article 
should be clearly and fully laid down 
in writing. Any other arrangement 
can only be regarded as unsatisfaetoTy. 
In other words a specification should 
be drawn up to cover the inspirtion 
required. Unless this is done it is not 
unlikely that too much attention will 
be given to certain details, or certain 
features of these details, and not 
enough to others. Optical instruments 
and X-ray apparatus are indispensable 
with certain types of high-class in- 
spection work. In some instances a 
diagram which has been specially pre- 
pared for finished work inspection will 
prove advantageous. 

If again we refer to the manufacture 
of tyres, as in the example chosen in 
Chapter XXV, inspection should begin 
with the raw materials. The fabric 


should be passed over a glass-top 
table, brilliantly lighted from beneath, 
to reveal any imperfections. The com- 
pounds should be checked by the 
laboratory staff and the rubber should 
be inspected by expert technologists. 
The inspectors should be in evidence 
through every step of the production 
process, in the wash room, in the 
driers, and especially in the mill room, 
to see that specifications as to time 
and temperature of milling are rigidly 
adhered to, also in the compound 
room to see that quantities and weights 
are exact. They should be especially 
exacting in the eakuidar room where 
inspection of gauge and heat is con- 
tinuous. An inspector should pass 
(‘\ cry tyre before and after the putting 
on of the tread, he should be in tlu* pit 
to see that pressures are kept up and 
that tlu're is no over-cure or uiuh'r- 
eure, and he should take a last look at 
the tyre in a final inspection where 
every detail is jiassed on. 

Avoidance of Undue Elalioration 

It will be found that the most 
earefully worked out system of inspec- 
tion standards will not entirely jires ent 
defects of quality in the product. A 
well-balanced judgment is therefore 
necessary to avoid undue elaboration 
and stringency in inspection, which is 
not only costly but is liable to defeat 
its own object. 

Without exception finished work 
inspectors should be answerable di- 
rectly to the management— never 
should they be under the jurisdiction 
of the shop supervisory staff. 



CHAPTER XXIX 

STOREKKEPTNC 


The Stores Superintendent 

It is important that the officer in 
charge of the stores department should 
be a sound practical man with tech- 
nical experience, otherwise it is in- 
evitable that the department will 
perpetually suffer a severe handicap, 
mistakes being prevalent and the 
works personnel losing conlidcnce in 
the misguided efforts of their confreres 
in the stores department. The stores 
superintendent’s principal duties may 
be summarized as follows — 

(1) He must see that the total 
stock maintained involves the least 
capital expenditure consistent with 
requirements. 

(2) He must work in conjunction 
with the central planning office and 
place orders on the works for economic 
manufacturing quantities, 

(3) He must fix maximum and 
minimum stocks for each item and 
review these systematically to meet 
changed conditions. 

( t) He must constantly review the 
position regarding the possibility of 
‘‘dead” stocks, and when such arise 
should defer selling at a greatly re- 
duced price until completely satisfied 
that the works are unable to use the 
material economically in some new 
field. 

(5) He n)ust take what steps are 
necessary to ensure that the stores 
catalogues and stock lists used in the 
works are kept up to date. 


(6) He must ensure that the entire 
stores service is efiiciently controlled 
and that its working expenses are kept 
at the absolute minimum. 

Maximum and Minimum Stocks 

For economic working the quantity 
of stock held should be determined by 
tlu‘ rate at which stock is used up and 
the rate at which the stock can be 
manufactured. For any particular 
artick‘ the cost is composed of the 
actual manufacturing cost and the 
cost of keeping it in the stores, i.e. 
when an article is kept in the stores it 
r(‘presents capital lying idle and in- 
tcTcst is charg(‘able on this capital 
whilst the article is in stock. By 
balancing the quantity made in a 
batch with the time kept in the 
stores, a quantity giving minimum 
cost can l)e found. This quantity is 
the siz(' of a batch which places the 
total cost of manufacture and storage 
at a minimum. The minimum quan- 
tity held in the stores is dedermined 
by this optimum batch size. The 
minimum quantity nnist be sufficient 
to supydy production with finished 
parts during the time in which a single 
optimum batch is made. For example, 
assuming that 100 details are required 
per week and the optimum batch size 
is 350 taking one and a half weeks to 
make, then the minimum stock should 
be 150. This number will supply pro- 
duction during the time a batch of 
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850 is being made. Details need not 
be ordered in single batches. Two, 
three, or more independently economic 
batches may be ordered, depending 
on the minimum stock. The maximum 
stock to be carried for any item, 
whether it be manufactured or pur- 
chased, will be dependent on various 


Layout ol Stores Buildings 

Some of the more important details 
concerning the initial layout of stores 
buildings should be noted. 

Necessity for Adequate Covering. It 
is a short-sighted policy to leave 
perishable material exposed to the 
weather. In all cases provision should 



Fig. 311 . Stores Ordering Card 


conditions, but more nsnally will be 
based on a 1, 2, or 6 months’ user. 

The procedure for replenishment of 
stocks, whether raw materials, part 
finished, or finished articles, will origi- 
nate with a stores issuer who .should 
keep !)in cards on which arc marked 
the agreed minimum and maximum 
quantities for the material or articles 
concerned. As parts are booked in or 
out appropriate entries should be 
made on the cards. When the stock 
reaches the minimum quantity the 
stores issuer should inform the stores 
order ofIi(;e. The type of stores stock 
card recommended is shown in Fig. 811. 
It is suitable for articles whether manu- 
factured within the works or whether 
purchased from an outside source. 


be made for such material to be placed 
under cover of a sulistantial character. 
Duplicate racks should be provided, 
one for incoming stock and one for 
stock being drawn upon. This arrange- 
ment overcomes the difficulty of ap- 
parent “dead” stock, which is liable 
to corrode after a time, and it allows 
the minimum of handling. 

Lighting. Advantage should be 
taken of all natural light by arranging 
the stacks so that the light shines 
down the gangways (Fig. 312). Pro- 
vision should also be made for suitable 
artificial lighting. 

Gangxmys. Main gangways that 
will permit of xmhampered one-way 
traffic should be provided (Fig. 313). 
It is essential that the width of the 
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gangway should be sufficient to allow shelving instead of partitions. High 
easy handling of sto(*ks, the minimum stacks can be made to form an cn- 
width being 2 ft. 6 in. Long or bulky closure or partition by sheeting in the 
articles may prove quite unmanage- backs. Where the light is poor, ex- 
able in narrow aisles. panded metal or similar panels can be 

Receiving and Dispatching Centres, used. 

There should never be any question Loads, Careful consideration should 
of a depot at a main stores being used be given to the nature of the goods 



is altogether too confusing. Adequate 

provision should be made* for ingoing to be stored, and shelv(‘s should be 
and outgoing stocks. For many items arranged to take the working loads 
simple openings can be formed to take with a good margin of safety, 
hatches or windows. Storage Rins, The design of storage 

Enclosures, Considerable economy bins varies considerably. Due con- 
ean be effeet(‘d by using stacks of sideration must always be given to 



Fig. 314. Storage Hack 
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the strength, carrying capacity and widens out where elbow room is 
durability of the type or types decided required. 

upon. Fig. 814 shows an extremely Open Type Shelving, Many articles 
useful type with cast-iron sides and by reason of their weight, shape, or 
cast-iron or wooden shelves according size cannot be suitably accommodated 
to preference. Fig. 315 shows the in bins, and in such cases open type 
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suggested layout for a eomplete in- 
stallation of steel storage bins, but of 
a different type. Tapered bins, with 
narrow shelving at the top and wide 
shelving at the bottom, are very suit- 
able for the storage of a large range 
of articles of varying dimensions such 
as files, drills, bolts, nuts, ete., where 
the larger sizes can be accommodated 
in the lower bins and the smaller 
sizes at the top. They arc also advan- 
tageous where the space available for 
gangways is limited, as the gangway 


steel shelving. Fig. 816, is recom- 
mended. This type of shelving con- 
sists of angle posts, shelves and sway 
braces, and is the simplest and most 
suitable type where goods are to be 
stored in fair size boxes, bundles, or 
large pieces. The uprights should be 
pierced at 2 in. centres, allowing for 
shelf arrangement to suit individual 
requirements. 

Closed Type Shelving, Closed type 
shelving. Fig. 317, is constructed by 
substituting sheet backs and uprights 
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for the sway braees employed with 
open type shelving thus the whole 
strueture is sheeted in or elosed. The 
addition of bin fronts provides eoni- 
partrnents speeially suitable for the 
storage of small parts. 

Open Ledge Type Shelving, This is 


rii. 3 I 1 > ( I osLU Lfdui I ypi Shvlvino 

Similar to the open type exeejit that 
the bottom s(etion is of greater depth 
than the upper seetion (Fig. 318), pro- 
viding a very useful working surface, 
upon which goods can be rested, 
parcelled, and counted. 

Closed Ijedge Type Shelving. This 
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type, illustrated in Fig. 310, is made 
by substituting sheet baeks and up- 
rights for the sway braces used with 
the open ledge type. The addition of 
bin fronts makes compartments par- 
ticularly suitable for the storage of 
small components. 



Fig 320 (Ungwa\ Racks 


Gangway Racks, (Gangway racks, 
Fig. 320, occupy the mmiinum of floor 
space, and sliould be so arranged that 
material can be brought alongside and 
transferred direct on to the adjiistabl(‘ 
carrier bars from tlie gang\^a^. No 
loading bay at the end of a gangway 
rack is required, and the resulting 
economy of floor space* will be appri - 
dated by all who are concerned with 
workshop layout. When a gangway 
rack is required to carry very heav) 
loads the uprights should be spaced 
closer together. 

Vertical Rod and Bar Racks, These 
racks, illustrated in Fig. 321, enable 
full advantage to be taken of height. 
They can be designed to accommodate 
any weight of material, and adjust- 
ment facilities pro\idcd to meet vary- 
ing stock requirements. This type of 


rack is usually built on the unit and 
extension principle, the size being de- 
termined by the stock to be carried. 
Each rack has a tray built into its 
base, in which the stock stands. The 



Fig 321 Vuitkal Ron and Rak Ra( ks 

purpose of this tray is to retain surplus 
oil draining off the rods or bars when 
stored. 

“Ojf/'e?//” Rack. This is a most 
useful tjpe of shelving, as it draws 
attention to the existence of ‘‘offeuts” 
in varying lengths, from which a suit- 
able piece can be selected immediately. 
In this way short lengths become used, 
and waste is avoided. 

Standardization. Considerable econ- 
omy can be effected by keeping the 
dimensions of the shelving constant 
throughout the installation. This will 
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enable future rearrangements to be 
made more quickly and easily. 

Ceilings. It is not advisable to run 
the shelving right up to the ceiling if 
this means a variation in heights to 
avoid beams, pipes, etc. A better plan 
is to adhere to a standard height 
throughout, and to make use of filler 
panels up to eeiling height. 

Ladders and Climbing. It should b»- 
remembered that in eases where the 
shelving is more than 7 ft. high it may 
be necessary to provide ladders or 
some other means of reaching the 
upper compartments. Travelling lad- 
ders, Fig. 322, have much to commend 
them. The wheels at the base should 
be rubber tyred, giving ease of move- 
ment combined with noiselessness. 
Support should be provided at the 
top by means of grooved wheels which 
travel on a steel runner bar attached 
to the shelving. 

Sprinkler Systems. Where sprinkler 
systems are installed the top shelves 
should be kept elear of the sprinkler 
heads, and an allowance for clearance 
should be made in accordance with 
olficial regulations. 

Identification of Iron and Steel Bars 

The various grades of iron and steel 
bars, etc., should be indicated by 
having the ends of the bars painted. 
The colours used should be in accord- 
ance with the British Standard Shades, 
the appropriate colours being applied 
to the iron and steel at the stores 
depot on receipt of the material 
from the contractors. The colouring 
should be cairied out with synthetic 
resin enamels. These are fadeless, 
are not liable to collect dust, and 


iWien wiped will retain the original 
colours. 

Stores Catalogue 

The {ireparation of a stores cata- 
logue for internal use requires con- 
siderable forethought. Fig. 823 gives 



suggested classifications, a separate 
prefix number lieing given for each 
section. The manner in which each 
item should be described in the 
catalogue is shown in Fig. 824. Where 
desired the “Remarks” column can 
be filled in by those using the catalogue 
in order to indicate for what purpose 
the parts are required. 

Stores Requisitions 

When items which arc chargeable 
to workshop cxjienses are required, 
they should be ordered from the stores 
on a stores requisition, a suitable form 
for this purpose being shown in 
Fig. 325. 
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STORES CATALOGUE 


Index of Classifications Prefix 

Number 

Abrasives ............. 1 

Asbestos ............. 2 

Bolts, Nuts, and Washers .......... 3 

Bricks, Slates, Stone ........... 4 

Brushes ............. 6 

Cables, Electric ........... 6 

Chemicals and Drysaltery .......... 7 

Electrical Equipment (General) ......... 8 

Gas, Steam, and Water Fittings ......... 9 

Glass and Glassware ........... 10 

India Rubber ............ 1 1 

Iromnongery ............ 12 

Iron Bars ............. 13 

Iron and Steel Castings .......... 14 

Iron and Steelwork, Fabricated ......... 16 

Lamps and Fittings 16 

Leather and Bolting ... ... 1 7 

Miscellaneous ............ 18 

Non-ferrous Castings (Rough) ......... 19 

Non-ferrous Castings (Finished) ....... 20 

Non-ferrous Metals and Bars ......... 21 

Oils and Greases ............ 22 

Paints and Varnishes ........... 23 

Pins and (/ottors ........ ... 24 

Rivets and Studs ............ 25 

Road Motor Accessories .......... 26 

Ropes (Wire) and Chains .......... 27 

Scrap Materials ............ 28 

Screws, Nails, and Staples .......... 29 

Steel Bars ............. 30 

Textiles ............. 31 

Timber, Fabricated ........... 32 

Timber, Unfabricated ........... 33 

Tools and Implements ........... 34 

Tubes, Steel ............ 36 


Fm. 323. Classification of Stores Cataloour 


Catalogue 

No. 

Item 

Description ! 

Size 

Unit of 
Issue 

1 

Remarks 

3/2600 

Sot Screws 

Set Screws, Whitworth Thread, 
Steel, Specification 15. Grade 1, 

1 in. X A in. 

Gross 




Black, or Merchants’ Equiva- 
lent Quality, Hexagon Head. 




3/2601 


Do.' 

1 in. X 1 in. 

! 


3/2602 

,, 

Do. 

i in. X 1 in. 

,, 


3/2603 

,, 

Do. 

1 in. X I in. 



3/2604 


Do. 

1 J in. X i in. 




Fig. 324. Arrangement of Catalogue 
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Stores Ledger 

This should be compiled weekly by 
means of tabulating machines, Fig. 326 
indicating the form which the ledger 
should take. On considering the first 
example it will be seen that Catalogue 
No. 253 (Column A) is issued in single 
units (Column B). At the beginning 
of the week there were 101 in stock 
(Column C top line) valued at 6d. 
each. During the week, however, 85 
are issued (Column G) and 14 more are 
received (Column E), these trans- 
actions giving a credit balance of 30 
(Column C bottom line). 

Surplus Material 

There will be occasions when mater- 
ial or equipment already in stock or 
progress will not be required. In this 
instance a form drawn up on the lines 
indicated in Fig. 327 should be pre- 
pared by the stores department and 
the appropriate action taken. By so 

MATERIAL ON DELAY 


doing systematic attention will be 
given to the disposal of obsolete or 
surplus stocks. 

Material on Delay 

Whenever requisitions for parts can- 
not be met immediately by the stores, 
the works should be advised by means 
of a “Material on Delay” form. Fig. 
328. If this form is supplied in dupli- 
cate one copy can be returned to the 
stores department showing the antici- 
pated date of completion in Column H. 

Verification of Stores 

1\ riodically — perhaps once a year— 
it will be deemed necessary to take 
account of the stock in hand. This 
will necessitate special arrangements 
being made, the most suitable period 
for stocktaking generally being during 
the works annual holiday. A separate 
card, Fig. 320, should be used for each 
item recorded. 


( 'at 

No. 

1 

Dosc’iiptioii 

i 

Mofk Oidei 

No Date 

Qt\. 

HecpiiKMl 
foi 1 

1 

Qtv 

Owin^ 

Vroinise of 
Delivery 

(A) 

Class 1 1 

(H) i 

nation 34' 

(W (i)) 


(I--) 


(H) 

34/32840 

1 SpaoiioiH, Closed 

1/1J4J 22/2/10 

20 

Stock 

3 

15 


34/30206 

SerapeiH 1 

1 SH2I 12 '2/40 

40 




I 


Flo. 328 . Material on Dkiay Form 
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Fig 330 T\be Wrapping Maghine in Warehouse 
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Fig 332 Dispatch of Tyuis from Wabkhouss 
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Warehouse 

Closely allied to storekeepiiig is the 
maintainingof warehouse stocks of both 
the completed articles and spare parts 
ready for distribution. The relevant 
principles already explained ean be 
adopted with good effect in the ware- 
house. The latter will form part of the 


sales department, but is mentioned here 
for convenience. The only additional 
feature is that any packing which may 
be necessary should be efficiently car- 
ried out, otherwise damage wdll almost 
certainly occur during transit. Figs. 
330, 331, and 332 symbolize the work 
of an efficient warehouse. 



CHAPTER XXX 

SALES ORGANIZATION AND TENDERING 


A MANiTFACTURER, distributor, or 
retailer may employ high-salaried 
officials to dircet his business and he 
may staff his organization with the 
best creative, merchandising, and ad- 
vertising brains, yet it has to be con- 
ceded that his ultimate success is 
largely in the hands of liis sales 
organization. 

Unlike the production department, 
th(‘ sales department is faced with the 
difficulty that it cannot bt* effective 
within its own personnel, the most 
perfect team work being of no avail 
unless the prospective customer or 
market can be influenced to the extent 
of becoming and remaining a buyer. 

Responsibilities of the Sales Manager 

In a typical lirm, the responsibilitx 
for sales normally devolves upon the 
sales manager. The nsnal functions 
of such an ollieer include the super- 
vision of outside representatives, tlieir 
appointment and training, the control 
of the head oHice sales staff, the fixing 
of prices and discounts in consultation 
with the general management, the 
approval (for the sales side) of jiro- 
duetion programmes, the control of 
any outside service ])rovided, and 
responsibility for publicity and adver- 
tising. In these circumstances, it is 
not surprising that there is a tendency 
for sales managers and tluir staffs to 
concentrate on their own departmental 
routine and deal only with regular 


euslomers, thus failing to inspire the 
design and production departments 
to meet th(‘ demands of the market, 
and only occasionally and intermit- 
tently dealing with ih(‘ jironiotion of 
new business. This latter defieieney 
suggests the need for n sepiirate sales 
promotion section. 

A comparatively low price is, of 
course, the most convincing single 
argument to obtain a customer, yet 
with engineering products this ad- 
vantage is (‘xe(‘(‘dingly diflicult to 
secure, still more to maintain, and it 
is not feasil)le to organize for selling 
on such a basis alone. 

It will be convenient to classify the 
influences affecting sales under three 
heads 

(1) The reputation of tlu‘ manu- 
facturer. 

(2) The merits of the product. 

(8) The eflecti veiu'ss of the salesmen. 

Manufacturer’s Reputation 

If the rejmtation of 1h(‘ manufac- 
turer is to become a conscious influence 
on potential customers, there must be 
organized publicity. Until firms are 
well known, information regarding 
them ree(‘iv(‘s but scant attention, and 
a prominence that is only temporary 
may on its cessation imply an eclipse. 
Organized publicity will take various 
forms, of which Press publicity may 
be th(‘ most obvious but not neces- 
sarily the most important. Alertness 
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and eagerness to serve must be evident 
on all occasions and at all points, and 
there must be meticulous attention to 
detail, because every prospective cus- 
tomer judges from his own experiences 
and is unfavourably impressed by 
what may seem, to those who make 
them, insignificant slips. 

The building up of the manufac- 
turer’s prestige will involve many 
issues, these including — 

(1) Activity in public affairs. 

(2) Eliicieney in tendering. 

(8) Dependability of after-sales ser- 
vice. 

(4) Reliability of delivery promises. 

(5) Helpfulness in handling com- 
plaints. 

(6) Intelligence m control of credit. 

(7) Liberality in interpreting guar- 
antees. 

(8) Promptitude in correspondence. 

(9) Receptivity to suggestions. 

(10) Making technical literature 
attractive. 

Merit of the Product 

To the prospectne purchaser the 
merit of the product will depend on 
many considerations, although the 
help of the salesman is nearly always 
necessary to ensure that appropriate 
emphasis is given to the merits which 
will appeal to a particular customer. 

Technical merit is of \arious forms. 
It may be a merit of performance, 
having relation to high duty rather 
than to long life, or to efficiency rather 
than to economy. It may be a merit 
of accuracy, which may be primarily 
a matter of performance, as, for in- 
stance, in a jig-boring machine, but is 
of little value except in association 


with durability. There are other kinds 
of technical merits but they are chiefly 
matters of design and workmanship 
consistent with the price at which the 
product is offered. To sum up, it is 
difficult to make comparisons between 
products which differ both in price 
and construction, and it is desirable 
to formulate some sort of equation 
whieh will measure the respective 
merits of competing products. It is 
possible to do this satisfactorily re- 
garding economic merits, but technical 
merits can only be established by data 
of performance so presented as to carry 
conviction of superiority. In this con- 
nection, it should be borne in mind 
that impressive pictorial illustrations of 
products in use have a universal appeal. 
Much, too, may depend on evidence of 
sales to well-known firms, whose own 
reputation tends to confirm the claim 
for any product they may select. 

Budgetary Control 

As all net profits must come from 
sales, and in view of the fact that pro- 
ducti\e a(*tivities in well-organized 
factori('s are already quite adequately 
controlled, the applying of budgetary 
control methods to selling and to 
distribution costs assumes outstanding 
importance. 

Assuming that sales quotas can best 
be fixed by establishing sales districts, 
in each of which an individual sales- 
man is active or in which some other 
distinct method of selling has been 
adopted or planned, one is confronted 
with the necessity for information on 
the following general questions — 

(1) What was accomplished in the 
past period? 
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(2) What mistakes were made in 
the past? 

(8) What arc the proper ways and 
means of correcting these past mis- 
takes ? 

(4) What is the present status with 
regard to sales possibilities ? 

(5) What methods must be adopted 
to convert these sales possibilities to 
actual orders? 

(6) How may the orders best be 
secured, and in what seasonal se- 
quence ? 

(7) What has been the record of 
advertising, both locally and nation- 
ally? 

(8) What changes may be advan- 
tageously made in advertising — in 
the medium, form, and appearance - 
so as best to aid in the local field 
work ? 

(9) What plan shall be devised for 
daily, weekly, and monthly eheek-up 
on sales accomplishments and dis- 
tribution costs? 

(10) What shall be the basis for 
judging the relative eHiciency of sales- 
men operating under like or closely 
similar sales conditions? 

Technical Literature and Publicity 

It is futile to argue for a standard- 
ized scheme of functionalization within 
every sales department, because the 
requirements of each case vary so 
much owing to differences in policy, 
products and personnel. 

One function that can safely be 
mentioned, however, is that of editing 
technical data and literature. Part of 
this w^ork might be the preparation of 
loose leaf manuals or data books for 
salesmen’s use. Working instructions 
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in particular should be subject to 
competent editing before issue. 

The use of illustrated folders for 
salesmen, for direct-mail circulation 
and for catalogue building, is hardly 
less important than that of Press 
advertising. Exhibitions are another 
form of publicity. There is, too, the 
circulation of information which is 
of suflicient interest to be reproduced 
in the editorial columns of the general 
and technical Press. 

In connection with the selling of 
technical products particularly, corre- 
spondence is a function calling for 
a skilful organization of records of 
relevant information, such as past com- 
munications and transactions, business 
connections, and credit standing. 

Tendering 

Closely allied to correspondence is 
the function of tendering, by which a 
price is offered without reference to a 
standard price list. A study of the 
tenders received from various firms in 
response to the same inquiry often 
reveals surprising differences both in 
presentation and price^ It should 
always be borne in mind that those 
which are drawn up in the most con- 
vincing yet co-operative manner are 
likely to receive the most considera- 
tion even though they do not represent 
the cheapest quotation. 

Tendering will frequently involve 
responsibilities too onerous for the 
sales manager to carry alone, and, 
in such cases, the assistance of the 
estimating department will be re- 
quired. Tendering does, in fact, call 
for the closest possible collaboration 
with the estimating department, as 
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Fig. 333. Typicai. Example to Illl^strate Composition of Selling Price 
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it is important that the maximum 
technical insight be brought to bear 
as quickly as possible on each inquiry 
and specification received ; essen- 
tial information may be missing, 
quotations may have to be obtained 
from other manufacturers, and con- 
ditions of contract may be unduly 
onerous. Where a specification is not 
furnished, and one has to be pr(‘pared, 
a standardized practice should be 
followed so that no items or contin- 
gencies are overlooked. 

Although in the production of every 
item there is a certain maximum quan- 
tity beyond whieli the factory cost 
cannot be reduced, it do(\s not follow 
that the selling cost will also n'lnain 
constant. On the contrary it sonu‘- 
times happens that it is uneconomical 
to produce beyond a given quantity 
on account of the comparatively 
heavy cost involved in finding a mar- 
ket. To meet price competition, alter- 
native specifications on cheaper lin(*s 
may be advisable, when possible, to 
throw into relief the superiority of 
the higher price offer. 

In t(‘ndering, any promise regarding 
delivery requires to be based on an 
analysis of the work called for, in tlie 
light of experience and current con- 
ditions, and is therefore a mattiT for 
an intelligent use of records and con- 
ference with departments that w^ould 
be affected if the contract Avere 
obtained. 

The final phase of any tender is the 
determination of the price to be 
quoted. It would seem only right to 
approach price-fixing as a logical pro- 
cess of first estimating th<‘ total 
production costs, and adding thereto 


margins to cover selling expenses (on 
the basis of experience in the par- 
ticular market), average administra- 
tion or general charges, and net profit, 
respc'ctively, thus arriving at wiiat 
may be called an ‘'(economic'' price. 

Reference to Fig. 333 will assist 
those conceriu'd to arrive at both a 
logical and competitive* selling jirice. 

There can of course* be no permanent 
prosperity unless eemtrae‘ts e)r e>rdcrs 
in the* aggregate will meet all ee)sts and 
prewide* a net pre>fit. Whatever 
saeTiliee may serein pe)litie* to obtain 
a particular contract, it is in the first 
place always advisable te) aelhere te) 
the analytie*al medhexl of building up 
the e‘ee)nomie prie*e. With stanelarel- 
ized products, price-tixii\g on any 
e)thcr than an ecemomic basis is full 
e>f risk be'cause le)sses e)n a unit price* 
will be multiplied. 

Method of Tendering 

It will be instructive to give twe) 
distine*tly eiifferent examples. 

Example 1. On j)age 110 (Chapter 
VTI) is repre)eluee'el a typical “master” 
inejuiry fre)m a firm elesirems of pur- 
chasing two planing machines. It may 
be assumeel that the folle)wing answer 
is re*prcsentative e)f seve*ral replies 
received by the prospective purchaser 
fremi different firms - 

loth July, 1040. 

To Mews. Turnbull, Winfield & Co., Ltd., 
Derby. 

Dear Sirs, 

Two Tandem Table Dl«nin^ Machines 

In reply to youi* inciuiry, Ref. L/W.423, 
we have pleasure in quoting yon herewith, 
and hope to be favoui'od with your esteemed 
order, which shall have our prompt and 
careful attention. 
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Price : £1620 each. 

Terms : Per our Conditions of Sale. 

Place of Delivery : Littleover. 

Time of Delivery: Foxir to six months 
from receipt of order, subject to strikes, 
lock-outs, accidents, and other unfore- 
seen contingencies. 

Description : Two Planers (Type P4) with 
Tandem Tables and our standard Single 
Helical Keyless Driving Gears and Hack, 
to the following particulars — 

To plane in width and 

height . . . 40 in. V 36 in. 

To plane in length . 16 ft. 

Dimensions of each 

table . . . 8 ft. X 3 ft. 6 in. 

Cutting speeds pro- 
posed . . . 60/200 ft. per min. 

Return speeds inde- 
pendently variable 200/250 ft. permin. 

Feeds . . . in., ^2 n’l in., 

lA in-. in., i in., 

i in., I in. 

Approximate weight 20 tons. 

Each machine to be complete with two 
heads on cross slide, one head on each 
upright, 50 h.p. patent split field drive, 
electric fe(»ds, power traverses, and inde- 


pendent solenoid tool relief to each head as 
described in the accompanying specification. 
The machines conform to General Arrange- 
ment Drg. No. 2825, copy enclosed, and all 
materials will be of British manufacture 
throughout . 

Your A.C. and D.C. questionnaire forms 
have been duly complet(»d and are returned 
herewith. 

Yours faithfully, 

For E. Goodhead & 80ns Ltd., 
(Signed) M. Mansfield. 

The planing machine illustrated in 
Fig. 334 conforms to the stated re- 
quirements and the detailed specifi- 
cation to accompany the tender might 
read as follows — 

SPECIFICATION 

Structurai. 

The Bed rests on the ground for its full 
length. It is of unicpie design, with con- 
tinuous top plate in place* of the usual box 
bars, except at (he point where the gearing 
is accommodated. Here the side walls are 
doubled to wit list an el the driving strains. 



Fio. 334. Tandem Planing Machine 
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Niimerous cross ribs combine with the 
double sides and continuous top plate to 
make the most rigid bed possible. 

The Table is of a special box type, with 
tee slots and stop holes in the top plate, and 
openings in the side to remove cuttings. 

The Housings are tongued. keyed and 
bolted to the sides of the bed, and securely 
tied together at the top by deep cross rail. 
They ai*e of great depth from back to front 
and of robust design. 

The Cross Slide is of strong section, with 
substantial deep fish back to resist the 
various strains to which it is subjected. 

The Two Heads fitted to the cross slide 
consist of tee-slotted clapper tool boxes, 
hinging and lipping on to special quadrants. 
These are each mounted on a long swivel 
slide, which in turn is secured to an indexed 
base slide, or saddle, by bolts located in 
circular tee-slotted race. 

Side Head of similar design is usually 
fitted to the near housing, and a fourth head 
on the far housing is furnished wht‘n specified. 

Driving Clear, including rack, is all of steel. 
Pinions are forg(»d solid with shafts ; medium 
size gears are from single piece forgings or 
castings; large wheels have weldless steel 
rings shrunk on cast iron centres, and racks 
are from solid forged slabs. 

Machining and Fitting 

Sliding Ways of bed and table are accur- 
ately planed, and carefully hand-scrap(*d to 
each other. Extreme pr{*cision is ensured b> 
the use of a special instrument, when 
aligning the bed for erection. 

Heads, Cross Slide and Columns are simi- 
larly prepared , and ad justable strips provided 
for all slides and wearing parts. 

Journals an^ truly bored and, wliere 
necessary, are bushed with gun metal, or 
fitted with ball or roller bearings. 

Shafts and Screws arc turned or ground, 
and threads cut in lathe, oi* milled, according 
to the needs of the individual case. 

Gearing is all machine-cut from the solid, 
of steel where necessary and where specified, 
and entirely keyless. It is principally gener- 
ated on patent g<*ar planing machines, but 
for certain details other processes an* 
employed. 

Functional 

Transmission from reversing motor is by 
keyless steel helical gears and rack, giving 
the smoothest possible table movement and 
maximum efficiency. 


Patent Electric Quick-change Feeds are 
provided, readily variable and reversible, 
precise and instantaneous in action. The 
range covers for all possible requirements in 
stock removing, and in addition extra broad 
feeds are available for finishing cuts. 

Original Electro-magnetic Tool Lifting 
Device is fitted to each ht*ad and any one 
may be switched off separately if desired. 

Patent I*ower Traverse's arc* given to all 
the heads by supplementary motor, which 
may be readily coupled to any motion by 
conveniently located selector clutches. Quick 
and fine rates are available, the latter enab- 
ling cuts to be set m without the use of 
handles. 

Elevation of Cross Slide* is also accom- 
plished by the supplementary motor. 

Hand Movements an* provided to all 
heads in all directions, and side heads are 
carefully balanced. 

Locking Devices <*nabh' tlu* cross slide to 
be rigidly secured in any desin'd position, 
and the various slides to be firmly locked, 
according to the direction in which cuts are 
being tak(*n. 

The Drivi* is by our patent split field 
reversing motor e(juij)m(»nt, which is suitable 
for either alternating or dir(»ct (*urrent. The 
apparatus conipris(*s — 

Motor Generator fed from the main supply, 
and d(‘livering variable voltage current of 
changing i)()larity, ai cording to the section 
of the generator split field in use. 

Rev(*rsing Motor, flange type*, with heavy 
and light section shimt fields, both sections 
being connected in agret'inenf/ for the slow 
cutting spi*cds, and the light section only 
being €*mpJoy(*d foi* quick return sp(*eds. 

Supplem(*ntary Motor for feeds, power 
trav(*rse8, and (*levating cross slide, with 
special pat(*nted features for dealing with 
these various functions. 

SwiTCHUJSAK consists of— 

Primary Motor Starter for motor of motor 
generator S(*t. 

Main Panel containing two shunt regu- 
lators to give indep(*ndent variation to cut 
and r< turn spt*eds, and two contractors only, 
for cut and return speeds respectively. This 
panel also emb()di(*s series r(*gulator and two 
sets of contractors for tlu* supplementary 
motor, one for each direction of rotation, 
and special contractor to give step by stop 
motion to the armature, when actuating 
feeds. 
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Accelerating Switch to speed up table on 
cutting stroke, either in metal or between 
surfaces. 

Universal Safety Trips to prevent collision 
between heads and cross slide. 

The Control is arranged to give the 
utmost facility m handling the machine to 
the best advantage. 

The Stroke for table is controlled by 
patent disc and master switch. Settling is 
accomplished without the use of spanners, 
and graduations on the disc <*nable altera- 
tions of a few inches or a hnv feel to be 
made readily. 

Balanced Swivelling JVndaut Switches are 
provided, one on each side of the machine*, 
embodying push buttons to start, stop, and 
inch the table, and to actuate the power 
traverses. This system const itutes duplicate, 
flexible, and centralized control. 

General 

Automatic Lubrication is provided for th<‘ 
sliding ways and bearings, by a pump and 
generously proportioned oil tank. Arrange- 
ments are mad<‘ alongside and at each end 
of the bod to catch waste* oil. Driving gears 
are splasli Iubricat(‘d, overlicad parts are 
oiled by “one-shot” pump, and dust-proof 
nipples fitted to points reipiiring individual 
att(*nt ion. 

Gear Guards are lurmshed in all cast*s 
where the design does not provide inherent 
proti'ction. 

Testing. The machine is run and tested 
under its own equipment in our works 
before despatch. 

Accessories. The machiiu* is complete with 
three heads, all handles, spanners and two 
ordinary drop forged tocil holders for each 
head, also comjileti* electrical equipment as 
described, t()g(*lher with wiring diagram and 
instructions for installation and operation. 

On the assumption that this ])ar- 
ticular quotation is accepted, a reply 
on the lines of the following should be 
sent b\ the pnrehaser to Messrs. 
E. Goodhead & Sons Ltd. — 

Dear Sirs, 

Two Tandem Table Planing Machines 

Referring to your letter of 10th July, 1940, 
and your quotation included therein, you 
are hereby accepted to supply and deliver — 


Two Planing Machines, Type P4, with 
Tandem Tables and helical driving 
gears. To plane in width 40 in., height 
36 in., length 16 ft., each table 8 ft. 

.3 ft. 6 in., cutting speed 60 to 200 ft. 
p(‘r minute, return speeds 200 to 250 ft. 
per minute. Machines to be fitted with 
two heads on cross slide and one head 
on each upright. Solenoid tool relief to 
each head. Machines to be complete 
with patent split field drive and all 
electrical equipment as quoted. Pri- 
mary motor to be suitable for 440 v. 
3- phase 50 cycles. 

For the sum of £1620 each machine, or a 
total sum of £3240 (Three thousand, 
tw^o hundred and forty pounds) for tin* 
two machines. 

Please consign tlit* machines carriage* paid 
in four to six monthws from receipt of this 
order to our Works at the above address. 

All electrical eepiipnu'iit and tests are to 
bo to the satisfaction of t)ur T’lant and 
Machinery Kngin(*(*r, and the equipment is 
to be supplied to l.E.E. (Conditions, except 
as vari(*d by the spec'illeation. Before any 
(‘lectrical work is put in hand or orders 
placed by you on sub-contractors, approval 
must first be obtained as to technical details 
and conditions affecting electrical work. 

We shall be* obliged if you will kindly send 
{in acceptance* of this order in writing to 
this Office. 

Yours laithfully, 

S. M. Bate*s. 

Example 2. In this case let it be 
assumed that a tender is being sub- 
mitted for the equipnuuit required in 
the laying ont of th(‘ ineehanized non- 
ferrous foundry illustrated in Fig. 17, 
Chapter III. Such a tender will 
probably be submitted in the following 
form 

13th September, 1939. 

To Messrs. II. H. Leuers A Co. Ltd., 
Hanley. 

Dear Sirs, 

Proposed Mechanization of Non-Ferrous 
Foundry 

With reference to your letter of the 1st 
March, r(*turnmg the copy of our question- 
naire respecting the layout of your new 
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Foundry, and to our subsequent corre- 
spondence on this subject, we have now 
much pleasure in sending? you herewith a 
complete specification of the various units 
making up the plant required for installation 
in your Foundry. 

We also send herewith Drawing No. 
FM/2724 showing the general arrangement 
of the plant as we would propose to 
construct it. In the event of our quotation 
being accei)ted we will supply you with one 
complete* s(‘t of <lei-ail drawings. 

Our price for the erection of the total 
equipment on foundations to be prepart'd 
by you, the services of skilled ('rectors t»o be 
supplied by us, and all necc'ssary unskilled 
labour to be provided by you, is £750. 

Our price does not include the c<»st of 
motors, switchg<‘ar, or any electrical ('(piip- 
ment whatsoever. We can, of c(mrse, obtain 
details and prices for this electrical equip- 
ment on lu'aring further from you that you 
are in agreement with the general sclu'ine and 
the prices shown. 

Tkkms of Fayjmknt 

33 i per cent with the order. 

33f per cent against dt'livery of eacli item 
or part of plant. 

23J per cent against ('rectioii and starting 
up of plant. 

10 per cent one month after starting up. 

Erection charges to be paid against 
completion of <*rectioii. 

Our estimated time for completion is live 
to six months from r<‘e(*ipt of ord<*r. 

W<' have not included a price for the 
moulding machines because you hav(' not 
stated which type of nui chine you will 
employ, apart from your considering the 
installation of some of your (‘xistuig maehi!i- 
ery into this layout . 

All ])rices shown in this (*stimat(‘ are 
strictly net and aic not- subject to any 
discount. 

We hav<‘ n'cently been advised that Uktc 
is every ]K)Ssibility of a large ineix'asj* in tiu' 
price of conveyer Ix'ltiiig in the near future*, 
and all th(* above prices are, tlu'refore, 
subject to any market fiuctuation ami to 
early acceptance by you. 

We hope to be favoured with your 
esteemed order which shall have our Ix^st 
attention. 

Yours faitlifulJy, 

(Signed) M. IT. Taylor, 

Sales Manager. 


S P E 0 I F 1 V A T I () N 
l^LANT F(m Mkciianized Founduy 
I ton 1. The Knockout Gums would J*rice 
consist of 2 in. X , in. bars and 
I in. X I'V. in. bars at I J in. mesh in 
small se(*.tions for ('asy removal. 

These grids would lx* in the ct'ntre 
lino of the trench with | in. thi('k 
chequer plating on each side. The 
(^IIUTK to tin* conv('y(‘r would be 
4 in. thick and com])l(*t(* with con- 
tinuous rubber skirting the (‘iitin* 
length of the convener. io5(l 

Item 2. 18 in. Tiioucnna) Hci/r, 210 ft. 
(•('fitres. Tlu* IlEi.T would lx* of h(‘al 
resisting (piality rubber 4-ply with 
/> i?i. (lid in. covers. TIk* idlers 
A^iCild he mounted on ball hearings, 
the top idl(*rs being of tlx* trough(‘d 
type, suitably s]xic«‘d to take* un- 
(*','11 loatling. 'file r<‘turu idl(Ts 
would h< of tlx* Hat type, s])a(‘ed 
a])proximately 10 ft. apart. 'Fix* 
drive vv'ould he thnxigh bush roll(‘r 
chain and totally e!X‘los(‘d worm 
r<‘ductiou g(‘ar. All shafts would lx* 
of suitabh* str(‘ngth and moimti'd 
on hall hearings. 3^he fi'amework 
would lx* built up of 4 in. 2 in. 
chanix‘ls with all !i<*e('ssary sup- 
ports to giv(' rigidit-y. A 3 h.p. 
irx»tor would lx* n'cpiired to diive 
this unit. 1:7.50 

//c/x 3. (’onsists of j in. GiiKqrKU 
PuATiNti cov(*ring tlx* lx‘It for 
It4*m 1. £.50 

Itf’tn i, I(S in. ^'uoia.iiKD Dioi/r, 25 ft. 
centres. Tills conveyor would lx* of 
similar const luet ion to lt(‘m 2, hut 
a 2 Ji.p. ux)t-or would he reepured 
to drive. 1*1 3t^ 

/tern 5. 7 in. Hei.t and Dccket 

FuEVATOJt, 33 ft. centres. This ele- 
vator would lx* desigix*d to handh* 

0 tons of saixl p»*r hour. ^J3x* bell 
would lx* 8 in. wide* ' 5-ply with 
in. eov(*rs of lx‘at r(*sisting 
(pjulity rubber, rumiing over 22 in. 
and 20 in. toj) and bottom drums, 
tlx* latt(‘r being of tlx* cage type. 

Tlie drive would be through ma- 
el)iTX‘-(nit sjiur and chair g(*ariiig 
mount (*d on shafts of ainpl(i dinx*n- 
sious, which wxiuld in turn run in 
hall Ix'aring 7 )limmx*r l)lo(*ks. The 
casing would be of tlx* totally en- 
closed type built up from J in, sGiol 
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plates and IJ in. X IJ in. corner Price 
angles. The buckets would be 7 in. 
long X II g. thick, complete with 
thickened lip, and completely gal- 
vanized. A 3 h.p. motor would be 
required to drive this unit. £105 

Hem 0. One JIotary Sand Screen. 

This screen would be made from 
in. thick wire of \ in. mesh, 
mounted on two cast-iron end discs 
with malleable iron arms. The 
whol(‘ would b(‘ supported on mild 
ste<d shaft, running in ball bearing 
plurnrner blocks. Th(» drive would 
be through spur g(‘aring and worm 
reduction gearing and would be 
driv<n by a 2 h.p. motor. The 
8cre<»n would be suitably enclosed 
in J in. thick sheet steel casing with 
rapping device, fitted to cl(*an the 
mesli. A cliute would be provided 
to discharge tailings at floor level. £110 
Item 7. 5 ton Sand Storaoe Hopper. 

This hopp(‘r would be of the round 
tap(M’ed typ(‘ built from yV, hi- steel 
plates and would bt* complete with 
supporting structure platform and 
access ladder. £75 

Itetn 8. One Hotary I)is(’ P^eder, 

0 ft. 5 in. dia. The feeder would 
consist of a vertical worm reduction 
gear box witli a mild steel disc 
0 ft. 5 in. dia. mounted on th(‘ top. 

An adjustable {dough would be 
provided to take the sand from the 
disc to the pan mill. A ,S h.p. 
motor would be required to drive 
this unit. £110 

Hern 9. One S.B.l Sand Mill. 

(Please see our Catalogue for 
description.) £696 

Hem 10. One 10 in. llEJ/r under pan 
mill, 28 ft. centres. This belt would 
be of similar construction to Items 
2 and 4 except that the top idlers 
would be flat. A 2 h.p. motor 
would be required to drive. £105 

Hem 11. This wc»uld consist of J in. 
Chkqup:r Plating to cover the pit 
for Item 10. £42 

Hem 12. One 7 in. Belt and IlTrcKET 
Ej.evatdr, 25 ft. centres. This 
elevator would be generally similar 
in construction to Item 6. A 2 h.p. 
motor would be required to drive. £125 

Hem 13. Sxtppdrting Struc ture for 
Disintegrator. This structure 


would be of rigid construction and 
complete with a discharge chute 
underneath to Item 16. The 
coimtershaft would be mounted on 
the ball bearing plurnrner blocks 
attached to the frame and would 
be complete with three cast-iron 
pulleys. 

Hem 14. One Sand Disintegrator. 
(Pleasf' see our publication on Sand 
Preparation — page 4, for complete 
description.) 

Hern 15. One 10 in. Inclined Belt 
Oonveyer, 40 ft. centres. The 
belt would be 4-ply with 

in. rubber covcts running over 
flat idlers at suitable pitch and 
20 in. dia. tc^rrninal drums. The 
general construction of the* frame- 
work and mode of driving would be 
similar to previous conveyers, ex- 
cept. that trestl(‘s and walking 
gangway would be provid(‘d along 
the entire length of the conveyer. 
A 3 h.p. motor would be reejuired 
to drive this unit. 

Hem 10. One Mild Steei* Overhead 
Structure. This structure would 
consist of suitable channel and 
angh' s('ctions, comph^tc* with J in. 
chequ(‘r plate gangway, to support 
the distributing belt and overhead 
hopp(M*s to the moulding machine. 

Hem 17. Twelve Mii.d Steel Stor- 
A(:^K ilorPERs. These hoppers 
would be of taper(»d conical sections 
built up from ^ in. plat<» and 
welded to give a smootli surface 
inside. Oast -iron gate valves would 
be fitted at tlu^ bottom to regulate 
the flow of sand. 

Hem 18. One 10 in. Belt Conveyer, 
215 ft,, centres, l-fiis conveyer 
would be of similar construction to 
"Item 15, but twelve sets of adjust - 
abl(‘ ploughs would be provided 
over the storage hoppers (Item 17). 
A 5 h.p. motor would be required 
to drive this unit. 

Hem 19. 3 ton Sand Storage Hop- 
per. This hopptT would be gener- 
ally similar in construction to 
Item 7, (‘xcept that a cast-iron gate 
valve would be fitted at the mouth. 

Hem 20. Twelve 24 in. Gravity 
Holler (Conveyers, each 55 ft. 
long. These conveyers are for 


Price 

£55 

£125 


£360 

£415 

£395 

£676 

£00 
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returning the empty boxes to the Pnve 
moulding machine, and lie at an 
incline. The rollers would be 2^ in. 
dia. at 5 in. pitch and specially con- 
structed to b(» dust-proof. All rollers 
would run on ball bearings with 
fixed spindles. It will be noticed 
that the 5 in. pitch we have quoted 
will not bo suitabh* for 10 in. v 9 in. 
and 7 in. X 7 in. moulding boxes, 
but as the quantity to be used is 
very small we would suggest tliat 
these boxes are plac(‘d on plates 
when they are on the conveyer, 
otherwise the cost of gravity run to 
take this size of box would be con- 
siderably increascHl. W(* hav(» put 
forward the special type* of dust- 
proof rollers as we consider they 
are the b<»st typ(' for foundry work. 

On the other hand W(‘ could supply 
our standard type* of ball b(‘aring 
rollers, which are not dust -proof , 
at a considerably lower ]»ric(*, but 
we ar(» sure that trouble would be 
experienced by the rollers W(‘aring 
out very quickly. JC 1 250 

//cn? 21. Six 21 in. (iravity Doller 
Tables, 55 ft. long. These* tablets 
woulei be exactly similar to Iteju 20, 
exe*e*pt that t he*y wendd be heiri- 
zontal. tiOSO 

(rrneral 

All drives would be guarde‘d in sheet ste*e‘l 
erases. 

All bearings would be* eif the ball bearing 
type anel wenild bt* dust-proof. 

All maieri/ds w^mld be ot British manu- 
facture* and workmanship and w^emld be the* 
be\st of their respective kinds. 

All bedts wamid be e)f 28 in, elue k e(ualit> 
with a cover, ultimate* tensile* stre*ngth e)( 
tOOO lb., and wlu*re iu‘ce*ssary woulei be* e»l 
heat-re*sisting rubbe*!*, guarant e*e*d up te) 
300 ° F. 

We* wemld supply all ne*e*e*ssary hedding- 
(le)wn bedts and w^ould give* all ste*(*lwe>rk e»ne* 
coat of paint bedbre* h*a\ing our Works anel 
another coat after e*re*ction. 

Our teuide*!* includes fe)r the* eovering ed* 
pits, but does not incluele for any curb 
anglers or fixings te> c()nere*te. 

The plant would be er(*cte*d eiii prepare*d 
foundatiems, anel we* de) ned include for any 
cutting away and making good of lloe>rs, 
walls, e*tc. 


Conditions of Sale 

A fuiidamontal aspect of price- 
lixing is that of the conditions of sale. 
Unless these are clearly delined before- 
hand, it becomes virtually impossible 
to include in the sellijip price any 
intelligent provision for contingencies. 
The following is, therefore, suggested 
as a basis- - 

(T)Nl)IT10i\S OF SALE 
I. \Frif1ni Order 

No order sliall be binding until its accept- 
ance lias b(*(‘n ionfirm(*d m writing. 

2 T')}ie of Deliver if 

Tlic* time of dcliv(‘ry shall lx* r(‘ekoiied 
trom the dat<* (d‘ rec(‘i])t ot tin* older or of the 
nec<*>sar> udbrmatiou and drawings, wliich- 
(*ver date may lx* the lal(*r; no liability for 
failure to il(*Iiv<'r within the tiim* giv(*n shall 
ari^c unh‘ss b,v vii’tm* ot a sp(*citie under- 
taking under an agr<‘e(l p(‘nalty as liquidated 
(lamag(*.s. 

3. Pififnde 

In tin* evt‘nt of a dispute, it shall be 
r<*t<*iTed to au /jrbitraf (H‘, 

4. (iuaranfce 

W(* will o}d> b( r(*sj)onsibh* for the 
ca]>acity and ])<‘rlormanc(‘ <d‘ tin* goods 
supx)li(*d being sulUeic*!!! and/or suitable for 
>our ])urpose jiroxided you shall Jiav(‘ giv(*n 
us full and accurate ])artieidars of your 
re((uirc*nM*n1 s in this r(*spret .*»nd of the 
conditions und(*r wiiich tin* sann* will be 
recjuired to operate. 

Whilst wo will use oui* best endeavours 
with regard to the design, (juality of mat(*rial 
and workmanship of tin* goods suppli(‘d, w(‘ 
give no guarant (*(* oi* warranty in r(*spect 
ther<*of, nor shall any sueh h(* implied, but 
in bell tben*of wo undertake to replace or 
rcpjur at our <»ption and to d<*liver earriagi* 
[»aid within or within the Railway 

Fonqmiiies’ free* delivery area, any goods or 
])arts thereof proved to havi* been originally 
(h‘f(»ctive in (l(‘Hign, mat (‘rial, or workman- 
ship, if promptly returned to our* works, 
carriagi* paid, within months from 

the dat(‘ of dispatch. 

(^lerical Errors 

All clerical and stenographical errors and 
oiiiissicms shall be* subject to subsequent 
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correction, and orders based upon quoted 
prices arc not binding until our acceptance 
has been notified. We expressly reserve the 
right to increase prices quoted by such 
additional suin or sums as riiay be n(»cessary 
to cover any increase in rates of wages, 
enhanced cost of mat<‘rials, or other cause 
or factor beyond our control. 

6. Itispecllon 

All goods offered are of our standard types 
and quality, unless specially agreed other- 
wise*. Inspection at our Works is invited, as 
we accept no responsibility for any loss 
arising through any misund(»rstanding, dam- 
age or expense incurred either before or 
subsequent to dispatcli, and we will not be 
responsible for any alteration or work per- 
formed on material furnished by us, unless 
we have givcm authority for same in writing. 

7. Quotatio7is 

Quotations covering fixing or er(‘ction of 
materials arc* based on the work being 
execut(‘<l during ordinary workhig hours, and 
overtime will be charg(‘d (‘xtra. We do not 
guarantee the skill or ability of our em- 
ployees, but w(‘ will do our best to supply 
suitable and reliable workers strictly on 
condition, however, that we an* kept 
indemnifl(*d by Uk* hir(‘r against all loss or 
damage incurrc‘d during the hiring, or 
arising out of any work on which our 
(Muployees may have b(*(‘n (*ngaged. Time 
spent in starting the rnachiruTy, or attending 
sann* aft(*r stai'ting, will be* charged for unlc'ss 
agreed otherwise. Aft(*r delivt*ry on site 
buyers ac(‘ept responsibility for any loss or 
damage occasioned by fire or accident to 
premise's t(» which all or any portion of the 
materials covered by contract may be 
subjt'ct. Our offers do not include either 
excavators’, masons’, bricklayei*s’ , or carpen- 
t('rs’ work or materials, and unless otherwise* 
stat('d all (| notations and charges art* net. 

8. Date of Delivery 

Contracts as to date of delivery are 
conditional upon dispute's witli workmen, 
accidents to works, machinery, or {)ther 
causes beyond our ctmtrol, and we take no 
responsibility for any loss due to delays or 
accidt'iits in transit. All contracts shall be 
interpreted in all respects in accordance with 
the laws of Great llritain. 

9. Cancellation of Orders 

Orders cannot be countermanded except 
with our consent, and on terms which will 


indemnify us against all loss. Orders per 
telephone or telegrams are executed at 
buyer^s risk. 

10. Return of Hoods 

Goods returned without our consent will 
not be accepted for credit. 

1 1 . Storage 

Should buyers be unable to take over 
goods when same are ready for delivery, it 
is undc'rstood that we have the right t^ 
invoice for payment just as if our part of the 
contract had Ix'on fulfilled. Storage charges 
will be made for goods remaining on our 
hands longer than oik' month, and interest 
at the rate of 5 per cent per aimum will be 
charged to the purchaser on overdue 
accounts. We claim a lien upon all materials, 
plant or machinery, whether erected or not, 
for any unpaid balance due to us, and any 
instalment of j)iirchas(* money which may 
hav<‘ been paid shall be retained by us for 
our own use. 

12. Delivery 

Delivery is made at our Works. If to meet 
easterner’s rc'quirc'inents wt* pay carriage, 
the goods will bo forwarded at buyt'r’s risk 
and carriers will act as buyer’s agents in 
handling sann*. Bt'fore giving carriers a 
receipt the goods tendered should b(' care- 
fully examined, and refust'd if damaged. 
Wlien this cannot b(' done ])lease sign for the 
materials as uiK'xanuiK'd. The carriors must 
be advised of any irregularity within three 
days of receipt, otlu'rwise claims cannot 
be enforc(‘d. 

Effectiveness of Salesmen 

Salesmen ean be the strong or the 
weak link in a firm’s sales ehain. The 
effeetiveness of a salesman is depend- 
ent upon many factors, of which his 
personality and pertinacity, important 
as they are, are by no means the sum 
total. An engineering salesman, to 
make any marked impression, must 
be technically competent to talk on 
even terms with his prospective cus- 
tomer, and, in addition, able to act as 
a specialist authority in Tegard to the 
product he is trying to sell. 



SALES ORGANIZATION AND TENDERING 


431 


What the salesiDan says and does 
as he faces his prospects and cus- 
tomers is vitally important to the 
success of the business, and his success 
depends, to a great extent, upon the 
words he uses in the field of selling. 
The most superior products will not 
sell themselves. There is need for the 
intelligent persuasion of a salesman’s 
words, backed up by sound selling 
technique. His initial training must, 
therefore, be “broadmindedly tech- 
nical,” for his specialist knowledge 
must have a wide basis if he is to be 
able to interpret aright the informa- 
tion, often vague, that reaches liim 
bearing on the requirements of th(‘ 
prospective buyer and the trend of 
competition. lie must go to his inter- 
views with really adequate tc'chnieal 
information as w(‘ll as full instruction 
regarding his firm’s policy in regard 
to competition, design, price, credit, 
and delivery, etc. His bearing must 
have the cojifidence that comes from 
a complete understanding with his 
own head office^ and from experience 
of the lirnrs cflieieney in general. Not 
evTry man with tliis sort of training 
and support can beeonu* an effective 
salesman, but no salesman will be 
likely to make maximun use of his 
opportunities and make his own con- 
tribution to the lirm’s prestige unless 
these conditions exist. 

Reasons for Failure 

There are at least three very com- 
mon reasons why so many sales- 
men fail. (1) They have the wrong 
temperament and the wrong type of 
brain for selling. They are not by 
nature friendly and adaptable and 


able to get on with other people. A 
man who would be a success as a 
works manager or accountant or 
chemist may be a total failure as a 
salesman. Salesmanship requires a 
certain type of mind and t(‘mpera- 
ment. (2) They have not learned the 
right way to sell. They have the self- 
conceit to think that they do not need 
to learn from others. There are many 
such salesmen, but they never rise 
into the first rank. (3) They do not 
work hard. They are trusted to make 
good use of their time but instead 
they start the day late, take an unduly 
long time over lunch, and end the 
day as soon as possible. Many sales- 
men lose at least half an hour a day in 
one or another of these ways, little 
r(‘ali/jng what this loss means. It 
re])resents about nin(‘teen eiglit-hour 
days a year more time than most 
people spend on liolidjiys. It means 
nearly 7 ])er cent of th(‘ working time, 
and a 7 per cent loss is a heavy one. 
If a salesman is being paid £1000 a 
year and he lose s half an hour a day, 
the value of his lost time in a year is 
about £62. This is enough to pay the 
interest, at 5 j)er cent, on £1240. It 
will be seen, therefore, that it is no 
small matter to lose half an hour a 
day. It is indeed a moral defect which 
holds back many a competent man 
and is difficult to eradicate. 

The first type should move to some 
congenial sort of work, the scjcond 
should learn the art of salesmanship, 
and the third should have a moral 
awakening, take themselves in hand 
and make themselves worthy of the 
confidence of their firms. The mis- 
placed, the untrained, and the slackers. 
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can never excel in the difficult business 
of selling. 

A salesman requires three kinds of 
knowledge- - 

(1) Knowledge of the goods. 

(2) Knowledge of customers. 

(3) Knowledge of salesmanship. 

No salesman can sell wireless sets 

one month and motor cars the next. 
A few salesmen have the delusion that 
they can do this. They try it and fail. 
They do not half learn how to do their 
jobs. To know the goods is not 
enough. A man who is competent in 
the factory may be a failure on the 
road. 

Technical men are frequently in- 
clined to undervalue the art of sales- 
manship. They do not learn how to 
handle customers and how to sell, and 
that is the reason for th(*ir frequent 
failure when sent out as salesmen. 

Selection and Training of Salesmen 

It is advisable to draw up a schedule 
of points for investigating a salesmairs 
job. Such a survey should include the 
following preliminaries - 

1. Outside Factors 

(a) Does salesman have a ear or 
work on foot ? 

{b) How much equipment does he 
carry ? 

(c) What class of customer is in his 
territory ? 

2. Routine Duties 

(a) How much of the salesman’s 
time is spent in keeping the car clean 
and in good repair ? 

(fc) Does he have any difficulty in 
protecting stock and equipment ? 


(c) How much time is required for 
daily report? When does he prepare 
it? 

(d) How does he handle invoices 
and collections? 

(e) What time is spent in corre- 
spondence and credit reports ? 

8. Salesman's Methods of Working 

(a) Does he sell or merely take 
orders ? 

(b) Does he understand the firm’s 
sales policy ? 

(e) Does he take advantage of his 
full line to build up an assorted order, 
or does he sell only one class of article 
to each customer? 

(d) Does he secure customers* in- 
terest and goodwill? 

t. Salesman s Attitude Towards his 
Job 

{a) Does he like his job? 

{b) What parts of the job does he 
like least ? 

{c) Does he consider the report 
system burdensome? 

(^/) Is he acquainting himself with 
his territory and its sales possibilities? 

(e) Does he introduce local sales 
arguments? 

(/) Does he study individual cus- 
tomers to learn how to handle them? 

(g) Is he studying his methods of 
selling and improving his sales talk? 
Does he try out new ideas? 

(A) Does he want or expect pro- 
motion? Is he preparing himself to 
merit it? 

5. Supervision 

(a) How often does the sales or 
branch manager visit the salesman on 
his territory ? 
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(6) What help does his superior 
give him? 

(c) What docs the salesman think 
his superior ought to do for him ? 

(d) Are the sales letters and bul- 
letins from the sales office helpful? 
How does he make use of them ? 


approximate time study of a sales- 
man’s activities, and graphical repre- 
sentation of these activities will often 
reveal much useful information. 

Fig. 335 broadly represents what 
takes place in the ease of four sales- 
men operating in different areas. This 






Fig. (^RAPHirAL Hepuii.srntation of SALRsMnN’s Duties 


6. Attitude Towards the Firm 

(a) Does the salesman like the firm? 
Does he get fair treatment? 

(b) Does he like the firm’s sales 
policies and plans? What criticism, if 
any, does he make? 

(c) Does he think the commission 
plan works ont well? Is he satisfied 
with his own income? 

(d) Does the firm recognize merit? 
Does the salesman tliink he has a 
chance to rise in the organization ? 

7. Incentives 

(a) How are territories allotted? 

(b) How are quotas set? 

(c) What incentives arc offered for 
beating quotas ? 

(d) What kinds of contests are con- 
ducted ? How often ? 

(e) To what extent is recognition 
given in the ‘'house organ” (i.c. a 
weekly, monthly or quarterly bulletin 
or periodical, issued by the firm)? 

It is generally possible to effect an 


t\ pe of analysis will form a basis for 
^lill further inv(‘stigation. 

Sales Department Statistics 

A sal(‘s dej)artment must register 
all contracts obtained, and issue the 
requisite^ olliee oiders to all depart- 
ments conc(‘rn(‘d. Another functional 
aspect, alli(‘d to n^gistration and linked 
up with tlie work of estimating, 
accounting, costing and other record- 
ing dejiartiiK iits, is t hat of comparison. 
It involves the collation and com- 
parison of statistics and non-technical 
data, from within and without the 
sales d(*j)artment, for the sales manager 
himself, to guid(‘ his instructions to 
those under his authority, especially 
salesmen and agents, and to support 
his recommendations to the higher 
management. t\‘rtain major statis- 
tics, such as onUrs received, sales, 
turnover and orders outstanding, 
should, as mentioned in Chapter I, 
be represented by graphs — ^the most 
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constructive use to which any statis- 
tics can be put — in order to disclose 
trends. The Gantt chart, for instance 
(see Chapter XXIII), serves a par- 
ticularly useful purpose when applied 
to sales, and it is suggested that 
comparisons be made by plotting 
separately the orders obtained in each 
of the following areas— 

South. West. IMidlands North East 
North 

The line of demarcation of each area 
is best defined on a large scale map. 

The last sales department function 
is that of inv('stigation. This may 
include investigation necessary to in- 
terpret an inquir)^ m terms of a 
definite specilieation, on which a 
tender may be based. It may also 
cover the investigation of complaints 
and suggestions from customers, sales- 
men and agents, including the ap- 
parent causes of lost orders. Com- 
petent initiative in ihis sphere should 
serve as a means of co-ordinating the 
work of the research and d(*velopmen1 
department with e\eryda\ sales ex- 
perience. The duiding line between 
investigation and development is that 
investigation should report to the re- 
search and development department 
the relevant evidence collected, leaving 
to the latter the task of finding the 
solution to the problem. There is, of 
course, the re\crse process of dis- 
covering the market possibilities of 
products sponsored by the research 
and development department. 

Market Study 

The study of markets is the basis of 
the future policy of production for the 
firm. On its results the factory and 


orders are planned for the next period 
of production, say, one year. It con- 
sists of an intelligent survey of pre- 
vious years’ activities noting the 
fluctuation of supply and demand for 
various reasons. Many products are 
subject to seasonal fluctuation, and 
there are other \ariations, some at 
periods of sexeral years, or perhaps 
only a month. These cycles are quite 
regular and it is necessary to make 
provision for them. Other variations 
are due to abnormal circumstances 
such as flood, war, fire, etc., but for 
obvious reasons these cannot be so 
readily predicted. Then trade* con- 
ditions are extremely important and 
a careful study of the general market 
conditions before going into produc- 
tion is very necessary. Graphs should 
he plotted to show these trends 
separately and collectively, and from 
their examination it should be possible 
to make a fairly accurate forecast of 
the demand for the next production 
period. 

The figures for previous years will be 
in the department’s history. Figures 
of up-to-date conditions are obtained 
from the sales staff and branch 
managers who send in their individual 
estimates. With the knowledge of 
these fluctuations it is possible to 
ej^tend the curves for the coming year, 
taking into account any abnormality. 
Having esiabhslied the required pro- 
duction, it will be possible to smooth 
out the load on the factory by manu- 
facturing for stock. It may be neces- 
sary to extend the works, utilize 
some by-product, or use different 
production methods, as a result of 
the season’s forecast. It is clear, 
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therefore, that a study of the market 
plays a large part in the future polic)^ 
of any individual concern. There may 
also be cyclic and trend variations in 
raw materials, and a close watch 
should be kept on these with a view 
to economical purchase. 

Market Study in Relation to Technical 
Development 

Technical development tends to set 
up a competition which, in obtaining 
a market for a new product, may do 
so at the expc^nse of the market for 
an existing product, at least for a 
time. So irresistible is the advance of 
technical development that no manu- 
facturer can afford to l)e complacent 
To eliminate the need of everyone 
keeping incessant watcli for himself, 
research associations hav(‘, as men- 
tioned in Chapter XXV, become 
operative for most industries. The 
information which these associations 
may disseminate to their members 
has the effect of throwing on to tlu‘ 
shoulders of the individual manufac- 
turer the onus of applying the infor- 
mation to tlie particular circumstances 
of his business, hence the genesis of 
the research and development depart- 
ment to work out the problems in- 
duced by economic and technical 
competition. Technical competition 
may have to be met by economic 
measures, e.g. reducing unit cost by 
larger production ; and economic 
competition by technical measures, 
e.g. increasing the efiicicncy of the 
product. 

With technical jiroducts, market 
research calls for the consideration of 
economic and technical factors con- 


currently, and all substantial pro- 
posals arising from such study, after 
being properly formulated and confi- 
dentially circulated, require to be 
discussed adequately at a staff con- 
ference. A source of guidance in 
development work may be the reports 
on after-sales service. 

Technical Service 

Ther(^ is no doubt that when a 
produ(*t has been sold, it is in the 
manufaidurer s own interest that the 
custonu r shall obtain the best results 
possible* from its use. To what extent 
aedr.al te'chnieal service is necessary 
for this purpose depends on the type 
of ) product and the d(‘gree to which 
any particular d(*sign has been made 
fool-proof. In any event, there may 
be jiossibilities of actively rendering 
assistance* and k(‘eping the customer’s 
geiodwill. The normal channel of 
communication is the salesman or 
agent, or perhaps the “house organ.” 
(’ircular letters may be used some- 
lim(*s as an alte*rnativc. Broadlj 
spe*akmg, the initiative re'garding after- 
sa!e‘s se*r\ice should be centreel in the 
research and eleveleipment department. 
It tends to give* realism tei their work 
if the stall remain in the* e*le)se*st con- 
tae*t with the performance of products 
111 se-rv ie'e*, and do ne>t allow them- 
selves to be interested only in new 
projects. This practice should steady 
the release of new designs before they 
have been sufiiciently proved under 
service conditions. 

Working Instructions 

The drawing up of working instruc- 
tions is a basic phase of after-sales 
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mice, and the rewl and Wop- ^pare parts, In this coiection, a 
ment department shoi undonhtedly cable code may be regarded as a very 
be responsible for this important valuable factor. At the same time, by 
toL close scrutiny of the demand for spare 

Guidance is necessary for what may parts, particularly having regard to 
be called standardized repairs, and the total number of such parts esti- 
Indication should be given as to the mated to be in use, evidence of faulty 
points where wear is likely to occur operation or faulty design may be 
and the steps to be taken to overcome estabhsbed, Where this occurs, steps 
it, For many engineering products should be taken by the design and 
an all-important fonii of after-sales associated departments to obviate 
service is to facilitate the supply of reeurrence in the future. 



APPENDIX 

Weights and Measures 

BRITISH WEIGHTS AND MEASURES 
LINEAL MEASURE 

1 Hand. VardH 1 Rod, Pole, or Porch. 

1 Span. 4 Poles I (>hain. 

1 Foot. 10 (^luiiiiH I Furlong. 

1 Yard. 8 Furlongs I Mile. 

I Pace. Miles I League. 

1 Fathom. I- 151 Miles 1 Nautical Mile. 

1 Link 7-92 inches. 

1 (Uiain 100 Links 22 Yards. 

80 (’haiuH 1 Milo 1700 Yards. 

A Knot is a speed of 1 Nautical Mile per hour. 

(HTPK^ OR SOLID MFASLPK 

(^ubic Foot 1728 (’ubic Inches 

(’ubic Yard 27 Tubic Feel 21 033 bushi'ls. 

Stack of Wood lOS (\ibic Fi ct . 

Shipping Ton 40 Cubic F(‘et iiK'n^iandise. 

Shipping Ton 42 Cubic Feet of timber. 

Ton of displa<‘ement of a ship 35 (’ubic Feet. 

SgUARE OR LAND MEASURE 

144 S(jiiare Inches 1 Stpiare Foot. 

9 Sfjuare Feet 1 Scjuare Yard. 

30| Square Yards 1 Square I’erch. 

40 Porches 1 RooiJ. 

4 Roods I Acre. 

040 Acres I S(|uar(» Mile. 

.An Acre — 4840 Squari* Yards. 

1 Square Link 02| Scjuare lnch(‘s (approx.) 

1 Sijuare (Miain 10,000 Square Links 484 Sq. Yards. 

10 Square Chains 1 Acre — 100,000 S(j. Links - 4840 Sq. Yards. 

30 Square Yanis 1 Ho<l of Huildmg. 

1 00 Square Feet 1 Scjuare of Flooring. 

272 J Square Feet 1 Hod of Rricklayer’s Work. 

HYDRAULK’ MEMORANDA 

1 Oallon of Water R) lb. 

1 Cubic Foot of Water 0] (Jail, (approx.). 

02 J Lh. 

1 Inch of Rainfall - 22,022 Oallons per Acre. 

100 Tons (apjirox.). 


] Oallon of Milk weighs approximately 10^ lb. 

APOTHECARIES’ WEIGHT 

20 Grains 1 Scruple, 9 . 

3 Scruples (00 gr.) I Drachm, 3 . 

8 Drachms (480 gr.) 1 Ounce, § . 

12 Ounces (5700 gr.) - I Pound, lb. 

Drugs are compounded by this weight. 

437 


4 Inches 

9 „ 

12 „ 

3 Feet 

5 Feet 

6 Feet 


30— (B.354) 
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TROY WEIGHT 

3*17 Grains — 1 Carat. I 20 Dwts. ~ 1 Ounce. 

24 „ 1 Dwt. I 12 Ounces -- 1 Pound. 

1 pound troy == 6760 grains. 1 oz. troy = 6760/12 = 480 grains. 

The standard for gold coin is 22 carats fine gold and 2 carats alloy. 


AVOIRDUPOIS WEIGHT 


16 Drams 

7000 gr. (16 Ouiiooh) 
14 Pounds 
28 Pounds 
112 Pounds 
2240 lb. or 20 cwt. 


1 Ounce (437-6 gr.*). 

1 Pound (lb.). 

I Stone, f 
1 Quarter. 

I Hundredweight (cwt.). 
1 Ton. 


A grain is the same in all wei^^hts. f Butcher’s Stone is 8 lb. 


MEASURES OF (’A1»A(TTY— DRY MEASURE 


1 Drop. 2 Gallons — 1 Pock. 

J Teaspoon. 4 Pecks - 1 Bushel. 

I Dessertspoon. (8 Galls.) (1-2837 cub. ft.). 

1 Tablespoon. 2 Bushels — 1 Strike. 

I Drachm, f*^. 3 Bushels 1 Sack. 

1 Ounce, fj. 4 Bushels -- 1 Coomb. 

1 Pint. 8 Bushels - 1 Quarter. 

I Pint. 12 Sacks 1 Chaldron. 

1 Quart. 5 Quarters - 1 Wey or Load. 

Pottle. 10 Quarters = 1 Last. 

1 Gallon. 

An Imperial Gallon of distilled water weighs 10 lb. avoirdupois. 

A wineglass holds about 2 oz. ; a toai-up about 3 oz. 

* In the North of England half a pint is called a gill, and a true gill a “noggin.” 

I’lie average weight of a bushel of barley is 47 lb., oats 38 lb., wheat 60 lb. 


1 Minim 

1 Dram 

2 Drams 
4 Drams 

60 Minims 
8 Drachms 
20 Ounces 
4 Gills* 

2 Pints 
2 Quarts 
4 Quarts 


- 1 


WINE AND SPIRIT MEASURE 


4 Gills 

1 Pint. 


63 (Jallons 

1 Hogshead. 

2 Pints 

1 Quart. 


84 Gallons 

— 1 Puncheon. 

4 Quarts 

1 Gallon. 


2 Hogsheads - 1 Pipe. 

3 1 i Gallons 

^ Hogshead. 


2 Pipes 

1 Tun. 

U.S.A. 

(Mde) 

1 760 yds. 

(Ton) 

2000 lb. 

France 

( K.inetre) 

I094‘ „ \ 



Germany 

Italy . 

Portugal 

( M ) 

(C/hilometro) 

(Kilometre) 

1094 „ 
1094 „ 1 

1094 „ j 

1 Kilogramme 
= 1 000 grammes 
'•>.90*^ Ih 

U.S.A. - 

Imperial Liquid Measure 

Spain . 

(Kilometre) 

1094 „ 

^ IKi. 


Switzerlaml 

(Lien) 

5249 „ ) 



Turkey 

(Borri) 

1828 

(Oke) 

2-8342 lb. 

Netherlands . 

(Kilometre) 

1094 „ 

(Oncon) 

•22 lb. 

Denmark 

(Mil) 

8238 „ 

(Alen) or Kg. 


Russia 

(Verst) 

1167 ., 

(Pood) 

36-11 lb. 
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Metric and Decimal Equivalents of Fractions of an Inch 


PVaetiona 

Inches 


Decimals 

Inchcn 


Fractions 

Inches 




1 


0 

1 1 

. 0 

•0 

•305 

1 

•0254 

•330 

2 

•0508 

•350 

3 

•0702 

-381 

4 

•1010 

•400 

5 

•1270 

•432 

6 

•1524 

•457 

7 

•1778 

•483 

8 

•2032 

•508 

9 

•2280 

•533 

10 

•2540 

•559 

11 

•2794 

•584 


Motkk Eqcivaj.knts oi P'ekt an]) Inches 


•010 

•0:1/5 

•000 

•080 

•711 

•737 

•702 

•787 

•813 

•838 

•804 

•889 


I 

•9J1 1 
•940 i 
•905 
•991 
10 10] 
1-041 
I -000 
1092 
M17 
1142 
1108 
M93 


I 

219! 1 

•244 1 

•209] 1 

•295 

•320 

•340 

371 

397] 

■4221 

448 

473 

4981 


524 

549, 

575, 

000; 
020 
051 
070| 
702 
727] 
753 
77h| 
803 1 


1 829 
1-854| 
1-880' 
1-905| 
1-931 
1-950| 

1 981 
2007 

2 032] 
2057 
2083] 
2108 


2i:i3| 
2- 1 58 
21841 
2-209| 
2-235 
2-200 
2-280l 

2-311 

2-330 

2-302 

2-387 

2-412] 


2-438 
2 403 
2-489 
2-514 
2-540, 
2-505 
2-590| 
2OI0I 
2 041 
2 007 
2 092 
2-717 


10 


2 743 3 048] 
2-708 3 073 
2-7941 3-099 
2-8191 3 124 
2-841 3-150 




A 

0-390 

1 -015025 

1 



u 

13 090 


sV 


0-793 

•03125 




13-492 



A 

1-190 

•040875 




8 ] 

13-890 




1-587 

•0025 


A 

1 

1 

14 287 



li\ 

1-984 

•078125 



81 

14 083 



2-381 

•09375 



Vi 

15080 



A 

2-778 

•109375 , 




U 

15-477 



3175 

•125 




15 875 




3-571 

•140025 



ii 

10-271 


SF 


3-908 

•15025 i| 


u 

10-007 



ii 

4-305 

-171875 II 



ii 

17-004 

TF 


4-702 

•1875 

1 



17-402 




5-159 

•203125 

1 


ii 

17-8,58 



5-550 

•21875 , 



u 

18-255 



Vi 

5 952 

2;i4375 , 




ii 

18-0.52 




0 350 

•2.) 1 

i 



19-0,50 



ii 

0-740 

•205()25 1 



ii 

19-440 



7-143 

•28125 1 



a f, 1 

19 842 


i‘i 

7-540 

•290875 




H 

20-239 



7-937 

•3125 1 1 



20-037 



u 

8-3:i4 

•,328125 j 

. 


Si 

21 033 


a 

8-730 

•,34375 1 



JJ7 


21-429 



n 

9- 127 

•35!»375 




21-827 




9-525 

•375 1 

1 




22-22,5 



i f 

9 921 

•390025 



SI 

22 021 


u 


10-318 

•40025 



Vi 

2.301 7 



ii; 

10 715 

•421875 

1 



S8 

2.3-4 14 

7 

ir, 



1 1112 

•4375 





238 12 


iiV 

1 1 508 

•1,53125 



H 

24-208 


a 


11-905 

-40875 

1 



24-001 




12-302 

-184375 I. 



Si 

25-002 



12-700 

•5 ' 

1 

' 1 1 


25 -.399 


2-870, 
2-895 
2-921 
2 940] 

2 972 
2-997 

3 022 


3-175 

3-200| 

3-220 

3-251 

3-270 

3;i02 

3-327 


11 


3-352 

3-378] 

3-403 

3-429 

3-454 

3-479 

3-505 

3-530 

3-555 

3-581 

3-000 

3-032 


12 


3-057 

3-082 

3-708 

:i-7:i3 

3-759] 

3-784 

3-810 

3-835 

3-800 

3-886 

3-911 

3-9361 


Decimals 

Inches 


•515025 

•53125 

•540875 

•5025 

•578125 

•59375 

•009375 

•025 

•040025 

•05025 

•071875 

•0875 

•703125 

•71875 

•734375 

•75 

•705025 

•78125 

•790875 

•8125 

828125 

•84375 

•859375 

•875 

•8901)25 

•90025 

•921875 

•9375 

•953125 

•90875 

•984375 

10 


Feet 


Metres 
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Cm. and Mm. to Inches 



0 

1 

2 

3 

* 


6 

7 

8 

9 

10 Cms. 

Mm. 0 

0 

•3937 

•7874 

11811 

1-5748 

1-9685 

2 3622 

2-7569 

3-1496 

3.5433 

3-9370 In. 

M 1 

•0394 

•4331 

•8268 

1-2205 

1 6142 

2-0079 

2-4016 

2-79.53 

3-1890 

3-5827 


2 

•0787 

•4724 

•8661 

1-2598 

1-6536 

2-0473 

2-4410 

2-8347 

3-2284 

3-6221 


3 

•1181 

•5118 

•9055 

1-2992 

1-6929 

2-0866 

2-4803 

2-8740 

3-2677 

3-6614 


„ 4 

•1575 

•5512 

•9449 

1-3386 

1 7323 

2-1260 

2-6197 

2-91.34 

3 3071 

3-7008 


M 6 

•1968 

•5906 

•9843 

1-3780 

1-7717 

2 16.54 

2-. 5,591 

2-9528 

3-3465 

3-7402 


» 6 

•2362 

•6299 

1 0236 

1-4173 

1-8110 

2-2047 

2-5984 

2-9922 

.3. 3859 

3-7796 


„ 7 

•2756 

•6693 

b0630 

1-4567 

1-8,504 

2-2441 

2-6378 

3 0315 

3-4252 

3-8189 


8 

•31.50 

•7087 

11024 1 

1-4961 

1-8898 

2-283.5 

2-6772 

3-0709 

3-4646 

3-8583 


9 

•3543 

•7480 

M417 1 

1 

1-5.354 

1 9291 

2 3228 

2-7166 

3-110.3 

.3 5040 

3-8977 



Decimetkks and Cm. to Inches 



0 

' 


3 

4 

5 

6 

7 



10 Deciniotrcs 

0 

0 

3 9370 

7 8741 

11-8111 

i;> 7 482 

19-6852 

2,3-622 

27-559 

31-496 

35-4.3.3 

39 370 In. 

1 

•3937 

4-3307 

8-2678 

12-2048 

16-1419 

20-079 

24-016 

27-953 

31 890 

3.5-827 


2 

•7874 

4-7245 

8-6615 

12-5985 

16-5.356 

20-473 

24-410 

28-347 

.32-284 

.36-221 


.3 

1-1811 

5- 1 1 82 

9-0562 

12-9922 

16 9293 

20-866 

21 803 

28-740 

32-677 

36-614 


4 

1-5748 

5 5119 

9-4489 

13-38.59 

, 17-3230 

21-260 

25-197 

29-134 

33-071 

37-008 


5 

1-9685 ! 

5-9066 

9-8426 

1 3 7796 

17-7167 

21-6.54 

25-591 

29-528 

33 465 

37-402 


6 

2.3622 

6-2993 

10-2303 

14-1734 

18 1104 

22-047 

2.5-984 

29-922 

33 859 

1 37-796 


7 

2-7559 

6-6930 

10-6300 

14-5670 

18 .5041 

22-441 

26-378 

30-315 

34-252 

38-189 


8 

3-1496 

7 0867 

11-0237 

14-9608 

18-8978 

22-835 

26-772 

30-709 

34-646 

38-58.3 


9 

3-5433 

7-4804 

11-4174 

15-3.545 

19-2915 

23-228 

27-166 

31-103 

35-040 

38-977 



Kilos, per Sg. Mm. to Tons per 


Sg, Inch 


1 

0 

1 

1 2 

' 3 

1 

4 

' 5 

1 

1 6 

1 

' 7 

( 

8 

1 9 

20 

12 700 

1 3 335 

1 

1 .3 970 

14 605 

15-240 

15 875 

16 510 

17-145 

17 780 

18-415 

30 

19-0.50 

19-68.5 

20-320 

20-9.55 

21-590 

22-225 

22-860 

23-495 

23 1.30 

24-765 

40 

25 400 

20-03,5 

20-670 

27-305 

27*940 

28-.57,5 

29 210 

29-845 

30 480 

31-115 

50 

31-750 

32-385 

3.3-020 

33-6.55 

34-290 

34-92,5 

35-560 ! 

36-195 

36-830 

37-465 

60 

38-100 

38-7.35 

39-370 

40 005 

40-640 

41-275 

41-910 

42-.545 

43-180 

4.3-815 

70 

44-450 

45 085 

45-720 

46 -.355 

46 990 

47-625 

48-260 

48-895 

49-530 

50-165 

80 

50 800 

51-435 

52 070 

52-705 

53 340 

53 975 

54 610 

5.5-245 

55 880 

56-515 

90 

67-160 

57-785 

.58-420 

59 055 

59 690 

60-325 

60 960 

61-595 

62 230 

62 865 


10 

Kilos, sq. nun 


6-350 'J’ons 
per Sq. in. 


By means of above table the value in inches of any number of millimetres up to 1000 may bo 
obtained, o.g. the value of *861 metre is found as follows — 

•861 metre — 8 decimetres J 6 cms. | I mm. 

= 31-496 f 2-3622 + 0394 m. 

= 33-898 in. (to 3 decimal places). 

Or: From 2nd table, 8 dm. = 31-496 in. 

„ Ist ,, 61 mm. ~ 2-4016 m. 


•861 m. 


33*898 in. 
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GENERAL CONVERSION TABLE 


Multiply by 

To convert 

To 


2-54 

IncheB 

Centimetres 

•3937 

30-48 

Foot .... 


•0328 

•914 

Yards 

Metres 

1-094 

1,609-3 

Milos . 

,, ... 

•000621 

1,863-27 

Nautical Miles 

*9 ... 

•000539 

6-45 

Squaro iiichoK 

Sq. cm. 

•155 

•093 

Square foot 

Sq. Metres . 

10-764 

•836 

Squaro yards 

1-196 

16-39 

Cubic inches 

Cub. ems. . 

-061 

28-3 

(/ubic fei^t . 

Litres 

•0363 

6-24 


Gallons 

•1602 

•765 

Cubic yards 

Cub. Metros 

1-308 

•3372 

Pounds (Troy) 

Kilj>£irammes 

2-68 

31-10 

Ounces (Troy) 

CraniirH's 

•03216 

•4530 

Pounds (Avoir.) 

Kilogrammes 

2-2046 

7,000 

,, .... 

Crains (Troy) 

•000143 

28-35 

Ounces (Avoir.) . 

Cramnam . 

•0352 

•065 

(a rains 


15-38 

50-8 

Cwt. . 

Kilogrammes 

•01968 

1,010-0 

Tons . 

• « • • 

•000984 

4-546 

Callous 

Litres 

•22 

10 

Gallons of water . 

Pounds 

•1 

•454 

Pounds of water . 

Litres 

•2202 

70-3 

Lb. y)or sq. in. 

Cm./sq. cm. 

•0142 

2-3 

Hoad of water (ft .) ' 

•434 

0-7 


,. ,, (M.) . 

Atmospheres 

1-4285 

•068 


14-7 

1-575 

Tons per sq. in. . 

Kgm./sq. mm. 

•635 

4-883 

Lb. per sq. ft. 

Kgtn./sq. met ro . 

•205 

-593 

Lb. })or cub. yd. 

Kgm./cuh. metn*. 

1-686 

16-02 

Lb. per cub. ft . . 


•0624 

•0998 

Lb. per gallon 

Kgm. /litre . 

1002 

•138 

Foot-Ib. 

Kilogrammetros . 

7-23 

•33 

Foot- tons . 

1 Tonno-motres 

3 

1-()14 

Horse-jiower 

Force de cheval . 

•9861 

740 

Watts 

•00134 

33,000 


Kt.-lb./min. 

— 

76 


Kg.-m./sec. 

-01316 

44 

Watts 

Ft.-lb./min. 

•0227 

0-1 


Kg.-m./sec. 

10 

0-252 

Heat units . 

( ’alorios 

3-97 

14-7 

Atiriosphcres 

J^b./sq. inch 

•068 

0-90 

Cernian candles . 

Knglish candles 

Mill 

9-55 

Carcols 

Caudles 

•1047 

•737 

Joules 

Ft. -lb. 

1-367 

88 

Miles/hour 

Ft. /mill. 

-01134 

197 

Motres/scc. . 

B.fh.U. . 

•00508 

1-8 

G.H.I7. ... 

•6666 

0-0208 

Centipoiso . . . 

Lb./in.* sec. 

48 


To obtain 

From 

Multiply by above 
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SPEED TABLE 


Time per mile 
(secs.) 


Miles/hour 


Km./hour 


I Time per mile 
(secs.) 


Miles/hour 


Km./hour 




Time per km. 
(secs.) 

Km./hour 

Miles/hour * 

1 

Time per km. 
(secs.) 

Km./hour 

' Miles/hoi 

1 

10 

360*0 

223*7 

30 

120*0 

74*6 

11 

336*4 

209*0 

32 

1 12-5 

69*9 

12 

3((0-0 

186*4 

34 

105*9 

65*8 

13 

' 276*9 

172*1 

36 

100*0 

62*2 

14 

' 257-2 

159*8 

38 

94*7 

.58*9 

15 1 

240-0 

149*1 

40 

90*0 

.55*9 

16 ! 

225*0 

139*8 

45 

80*0 

49*7 

17 

211*8 

131*6 

50 

72*0 

44*8 

18 

200*0 

124*3 

55 

65*5 

40*7 

19 

189*5 

117*8 

60 

60*0 

37*3 

20 

180*0 

111*8 

65 

.55*4 

34*4 

21 

171*4 

106*5 

70 

51*4 

31*9 

22 

163*6 

101*7 

80 

45*0 

27*9 

23 

156*5 

97*2 

90 

40*0 

24*8 

24 

150*0 

93*2 

100 

36*0 

22*4 

25 

144*0 

89*5 

110 

.32*7 

20*3 

26 

138*5 

86*1 

- 120 

30*0 

18*6 

27 

133*3 

82*8 

140 

25*7 

15*9 

28 

128*6 

79*9 

' 160 

22*5 

14*0 

29 

124*1 

77*1 

1 180 

20*0 

12*4 


1*6093 km. = 1 mile. 

Miles/hour = 

Miles/hour == 


3600 

secs. /mile. 
2237 

secs./km. 


Km./hour = 
Km./hour = 


6214 mile = 1 
^ 3600 

secs./km. 

= 5793 5 

secs./mile. 
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AREAS AND CIRCUMFERENCES OF CIRCLES IN INCHES 


Dia. 

Areas 

1 

Dia . 


(JlRCUMFERENCK 


In . 

0 in . 

i in . 

1 

i in . 

1 in . 

Ill 

In. 

Oin . 

' lin. 

1 

! i 

; iin. 

0 

•0 

•0490 

•1903 

4417 

0 

•0 

1 -7854 

1-570 

2-360 

1 

•7854 

1-227 

1-707 

2-405 

1 

3-141 

3-927 

4-712 

5-498 

2 

3141 

3-970 

4-908 

5-939 

2 

( i -283 

7-008 

7 854 

8-639 

3 

7-068 

8-295 

9-021 

11-04 

3 

9-424 

10-21 

10-99 

11-78 

4 

12-66 

14-18 

15-90 

17-72 

4 

12-50 

13-35 

14-13 

14-92 

6 

19-63 

21-64 

23-70 

25-96 

5 

15 70 

10-49 

17-27 

J806 

6 

28-27 

30-08 

33-18 

35-78 

0 

18-84 

19-03 

20-42 

21-20 

7 

38-48 

41-28 

44-18 

47-17 

7 

21-99 

22-77 

23-50 

24-34 

8 

.50-26 

53-45 

56-74 

( U )-13 

8 

25-13 

25-91 

20-70 

27-4 -J 

9 

63-61 

07-20 

70-88 

74-00 

9 

28-27 

29-05 

29-84 

30-63 

10 

78-54 

82-51 

86-59 

90-70 

10 

31-41 

32-20 

32-98 

33-77 

11 

96-03 

99-40 

103-8 

108 4 

11 

34-55 

35-34 

30-12 

30-91 

12 

113-1 

117-8 

122-7 

127-0 

I 12 

37-09 

38-48 

39-27 

40-05 

13 

132-7 

137-8 

143-1 

148-4 

13 

40-84 

41-02 

42-41 : 

43-19 

14 

153-0 

159-4 

105-1 

170-8 

11 

43-98 

44-70 

45-55 

40-33 

15 

176-7 

182-0 

188-6 

194-8 

15 

47-12 

47-90 

48-09 

49-48 

10 

201-0 

207-3 

213-8 

220-3 

10 

50-20 

51-05 

51-83 

52-62 

17 

226-9 

233-7 

240-6 

247-4 

17 

53-40 

54-19 

54-97 

.55-70 

18 

254-4 

201-6 

208-8 

270-1 

18 

50-54 1 

57-33 

58-11 

58-90 

19 

283-5 

291-0 

298-0 

300-3 

19 

59-09 

00-47 

01-20 

02-04 

20 

314-1 

322-0 

330-0 

338-1 

20 

02-83 

03-01 

04-40 

06-18 

21 

346-3 

354-() 

303-0 

371-5 

21 

05-97 

00-75 

07-54 

08-32 

22 

380-1 

388-8 

397-6 

400-4 

22 

09 1 1 

09-90 

70-08 

71-47 

23 

415-4 

424-5 

433-7 

443-0 

23 

72 25 

73-04 

73-82 

74-61 

24 

452-3 

401-8 

471-4 

481-1 

24 

75-39 

70-18 

70-90 

77-76 

25 

490-8 

500-7 

510-7 

520-7 

25 

78-54 

79-32 

80-11 

80-89 

26 

.530-9 

541-1 

.551-5 

502-0 

20 

81-08 

82-40 

83-26 

84-03 

27 

572-6 

583-2 

593-9 

004-8 

27 

84-82 

85-00 

80-39 

87-17 

28 

016-7 

020-8 

037-9 

049-1 

28 

87-90 

88-75 

89-53 

90-32 

29 

000-5 

071-9 

(>83-3 

0)95- 1 

29 

91-10 

91-89 

92-07 

93-46 

30 

700-8 

718-0 

730-0 

742-0 

30 

94-24 

96 03 

96-81 

96-60 

31 

754-8 

707-0 

779-3 

791-7 

31 

97-4 

98-2 

98-9 

99-7 

32 

804-2 

810-9 

829-0 

842-4 

32 

100-5 

101-3 

102-1 

102-9 

33 

855-3 

808-3 

881-4 

894-0 

33 

103-7 

104-5 

106-2 

106-0 

34 

908-0 

921-3 

934-8 

948-4 

34 

100-8 

107-0 

108-4 

109-2 

35 

962-1 

975-9 

989-8 

1003-8 

35 

110-0 

110-7 

111-5 

112-3 

30 

1017-9 

1032-1 

1040-4 

1000-7 

30 

113-1 

113-8 

114-0 

116-6 

37 

1076-2 

1089-8 

1104-5 

1119-2 

37 

110-2 

117-0 

117-8 

118-6 

38 

1134-1 

1149-3 

1104-2 

1179-3 1 

38 

119-4 

120-2 

121-0 

121-7 

39 

1194-0 

12100 

1225-4 

1241-0 1 

39 

122-6 

123-3 

124-1 

124-8 

40 

1256-6 

1272-4 

1288-3 

1304-2 

40 

125-7 

120-4 

127-2 

128-0 
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SQUARES, CUBES. SQUARE ROOTS, AND CUBE ROOTS 


No. j 

Square | 

Cube 

Square 

Root 

Cube 

Root 

1 No. 1 

Square 

1 

1 Cube 

1 

Square 

Root 

1 Cube 
Root 

i 

•016 

•0019 

•363 

•5 

41 

18*062 

76-766 

2-061 

1-61 

i 

•062 

•0166 

•500 

•629 

4i 

20-260 

91-125 

2-121 

1*65 

i 

•140 

•0527 

•612 

•721 

4i 

22-662 

107-171 

2-179 

1-68 

i 

•260 

•1260 

•707 

•793 

6 

25 

125 

2-236 

1*71 


•390 

•244 

•790 

•856 


27-662 

144-703 

2-291 

1-73 

i 

•662 

•421 

•866 

•908 

5J 

30*260 

166*376 

2-345 

1*76 

i 

•766 

•670 

•935 

•956 


33062 

190-109 

2-397 

1*79 

1 

1 

1 

1*000 

1 

6 

36 

216 

2*449 

1*81 

li 

1*266 

1-423 

1*060 

1*04 

61 

39*062 

244-140 

2*600 

1*84 

H 

1*662 

1-953 

1*118 

107 

H 

42*250 

274-625 

2-549 

1*86 

H 

1-890 

2*599 

M72 

1*11 

61 

45*562 

307*646 

2*598 

1*88 

H 

2-260 

3-375 

1*224 

1*14 

7 

49 

343 

2-645 

1-91 

li 

2-610 

4-291 

1*274 

1*17 

71 

52*562 

381*078 

2*692 

1*93 

n 

3*062 

6*369 

1*322 

1*20 

n 

56*250 

421*875 

2-738 

1*96 

li 

3*515 

6*591 

1*369 

1*23 

n 

60*062 

466*484 

2*783 

1*97 

2 

4 

8 

1*414 

1*26 

8 

64 

512 

2-828 

2 

2i 

4*616 

9*696 1 

1*467 

1*28 

Hi 

68*062 

561*515 

2*872 

2-02 

2i 

5*062 

11*390 

1*600 

1*30 

H 

72*260 

614*125 

2-916 

2*04 

n 

5*640 

13*396 

1-541 

1*33 


76*562 

669*921 

2*968 

2*06 

n 

6-250 

15*626 

1*581 

1-36 

9 

81 

729 

3 

2*08 

28 

6-890 

18-088 

1*620 

1-37 

n 

85-562 

791*453 

3*041 

2-09 

2i 

7-562 

20-796 

1*658 

1*40 

n 

90*25 

857-376 

3*082 

2*11 

2i 

8*265 

23-763 

1*695 

1*42 

n 

95-062 

926*869 

3-122 

2*13 

3 

9 

27 

1*732 

1-44 

10 

100 

1000 

3-162 

2*16 

3J 

9*765 

30*517 

1*767 

1*46 

101 

105*062 

1076*89 

3-201 

2*17 

31 

10-562 

34*328 

1*802 

1*48 

lOJ 

110*250 

1167*625 

3-240 

2*18 

31 

11*390 

38*443 

1*837 

1*50 

10| 

115*562 

1242*296 

3-278 

2*20 

3i 

12*250 

42*876 

1*870 

1*51 

11 

121 

1331 

3-316 

2*22 

38 

13*140 

47-634 

1*903 

1*53 

IJJ 

126-562 

1423*828 

3*354 

2-24 

31 

14*062 

62-734 

1*936 

1 *55 

lU 

132*250 

1520*875 

3-391 

2*25 

3S 

16*016 

58-185 1 

1*968 

1*57 

ni 

138*062 

1622*234 

3-427 

2*27 

4 

16 

64 

2 

1*58 

12 

144 

1728 

3*464 

2-29 


THERMOMETER AND HYDROMETER SCALES 


The 

degrees 

degrees 

The 


number of degrees between freezing point and boiling point of water is 212—32 
on the Fahrenheit scale, and 100 degrees on the Centigrade scale. The magnitude 
F. relative to degrees is thus as 5 to 9. 

Temp. O. = (I (F.^ — 32) ; Temp. F. — C.° h 32 

following formula enables degrees Baume to be converted into Specific Gravity. 


Sp. Gr. 


_140 

Dogs. B. + 130* 


Degs. B. 


140 

Sp. Gr. 


130 


For liquids heavier than water: 


Sp. Gr. = 


145 

146 — Degs. B. 


- 180 
of the 
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EQUIVALENT THERMOMETER SCALES 


p o 

C ." 



F .^ 1 

1 

C ^ 

1 

F . 

1 

c.° 

2000 

1093-3 

212 

100-0 

100 

1 

37-7 1 

50 

10-0 

1900 

1037-8 

200 

93-3 

98 

36-6 1 

49 

9-4 

1860 

1010-0 

190 

87-7 

96 

35-5 

48 

8-8 

1800 

982-2 

180 

82-2 

94 

34-4 

47 

8-3 

1750 

954-4 

170 

76-6 

92 

33-3 

46 

7-7 

1700 

926-7 

160 

71-1 

90 

32-2 

45 

7-2 

1660 

898-9 

168 

70-0 

88 

31-1 

44 

6-6 

1600 

871-1 

156 

68-8 

86 

30-0 

43 

6-1 

1560 

843-3 

154 

67-7 

84 

28-8 

42 

6-6 

1600 

816-5 

152 

66-6 

82 

27-7 

41 

5-0 

1460 

787-8 

150 

65-5 

80 

26-6 

40 

4-4 

1400 

760-0 

148 

64 4 

78 

25-5 

39 

3-8 

1350 

732-2 

146 

63-3 

76 

24-4 

38 

3-3 

1300 

704-4 

144 

62-2 

74 

23-3 

37 

2-7 

1260 

676-7 

142 

61-1 

72 

22-2 

36 

2-2 

1200 

648-9 

140 

60-0 

70 

21-1 

35 

1-6 

1160 

621-1 

138 

58-8 

69 

20-5 

34 

1-1 

1100 

593-3 

136 

57-7 

68 

20-0 

33 

0-5 

1060 

565-6 

134 

56-6 

67 

19-4 

32 

0-0 

1000 

537-8 

132 

56-5 

66 

18-8 

30 

1-1 

900 

510-0 

130 

64-4 

65 

18 3 

28 

2-2 

960 

482-2 

128 

53-3 

64 

17-7 

' 26 

3-3 

860 

454-4 

126 

52-2 

63 

17-2 

24 

4-4 

800 

426-7 

124 

51-1 

62 

16-6 

‘)*> 

5-5 

760 

398-9 

122 

50-0 

61 

16-1 

20 

6-6 

700 

371-1 

120 

48-8 

60 

15-6 

18 

7-7 

650 

343-3 

118 

47-7 

59 

15-0 

16 

8-8 

600 

316-6 

116 

46-6 

58 

14 4 

14 

10-0 

550 

287-8 

114 

45-5 

57 

13-8 

12 

11-1 

500 

260-0 

112 

44-4 

56 

13-3 

10 

12-2 

450 

232-2 

no 

43-3 

55 

12-7 

8 

13-3 

400 

204-4 

108 

42-2 

54 

12-2 

6 

14-4 

350 

176-7 

106 

4 M 

53 

11-6 

4 

15-5 

300 

148-9 

104 

40 0 

52 

IM ! 

1 2 

16-6 

260 

121-1 

102 

38-8 1 

51 

1 

10-5 

1 . _ - 

0 

P . 

17-7 
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WORKS ORGANIZATION AND MANAGEMENT 


EXPANSION OF* BODIES BY HEAT 

If / — length of bar in inches, t — temperature rise, n — coefficient of linecu* expansion, A — cross 
section of bar in inches, and E = modulus of elasticity, then increase in length of unfixed bar = Un, 
If bar is fixed at both ends the temperature stress == AtnE. 

For square surface, coefficient of expansion — 2 X linear expansion coefficient, while the co- 
efficient of cubical expansion = 3 X linear coefficient (approx.). 

In Britain the annual range of sliadc temperature may amount to 85° F. The maximum range 
from minimum winter temperature to summer sun temperature may be 135° F. In London and 
Glasgow the average range of shade temperature is 70°. This range is commonly allowed for in design 
of structures (j in. per 100 ft.), any excess being taken by the natural elasticity of the structure. 
A test carried out on the Britannia Tubular Bridge showed the temperature of the material to be 
120° F. in hot sunshine, and with snow on the bridge 16° F., a total range of 104° F. The allowance 
made for variation in length of the Forth Bridge due to change in atmospheric temperature during 
the year is in. per 100 ft. 


COEFFK^IENT OF LINEAR EXPANSION PER DEGREE FAHRENHEIT 


Substance 

n. 

1 

1 Substance 

n. 

Metals ami Alloi/s 


/Stone and Masonry 


Aluminium, wrought . 

•0000128 

Ashlar Masonry 

•0000035 

Brass ..... 

•0000104 

Brick Masonry 

•0000031 

„ wire. .... 

Bronze ..... 

•0000107 

Cement, Portland 

•0000059 

•0000101 

Concrete .... 

•0000079 

Copper ..... 

•0000093 

„ masonry 

•0000067 

German silver .... 

•0000102 

Granite ..... 

•0000047 

Gold ... 

•0000083 

Limestone .... 

•0000044 

Iron, cast, grey .... 

•0000059 

Marble ..... 

•0000056 

„ wrouglit .... 

•0000067 

Plasttjr ..... 

•0000092 

„ wire ..... 

•0000069 

Rubble masonry 

•0000035 

Lead 

•0000159 

Sandstone .... 

•0000061 

Monel ... 

•0000076 

Slate ..... 

•0000058 

Nickel 

•0000070 



Platinum ..... 

•0000050 

Titnber 


Platinum-Iridium, 15 per cent Ir. 

•0000045 

Fir \ 

•0000021 

Silver ..... 

Steel, cast .... 

•0000107 

•0000061 

Oak^^ 1 fibre 

•0000036 

•0000027 

„ hard .... 

•0000073 

Pine i 

•0000030 

„ medium .... 

•0000067 

Fir \ 

•000032 

„ soft ..... 
Tin . 

•0000061 

•0000117 

Oak^^ 1 P®^’P®J^‘ii®ular to fibre 

•000027 

•000030 

Zinc, rolled .... 

•0000173 

Pine / 

•000019 

Miscellaneous tiolids 


Liquid Substances 

Vol. exp. 

Glass ..... 

•0000047 

Alcohol ..... 

•00058 

Graphite ..... 

•0000044 

Acid, nitric .... 

•00061 

Gutta-percha .... 

•0003322 

„ sulphuric 

•00036 

Paraffin ..... 

•0001547 

Mercury ..... 

•00010 

Porcelain ..... 

•0000020 

Oil, turpentine 

•00060 



WEIGHT OF METAL. LB./SQ. FT. BARS OR PLATES 
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WORKS ORGANIZATION AND MANAGEMENT 


WEIGHT OF SQUARE AND ROUND STEEL BARS 
For Iron deduct 2 per cent 
Table shows weight per foot run 


Diameter or Side 

Square 

Round 

Diameter or Side 

Square 

1 

1 Round 

in. 

lb. 

lb. 

in. 

lb. 

lb. 

i 

•063 

•042 

U 

10-4 

819 

ft 

•120 

•894 

•ft 

11-2 

8-78 

i 

•213 

•167 


120 

9-39 

A 

•332 

•261 

lil 

12-8 

100 

i 

•479 

•376 

2 

13-6 

10-7 

A 

•651 

•511 


15-4 

120 

i 

•851 

•668 

2i 

17-2 

13-6 

* 

1-08 

•845 

-'i 

19-2 

161 

i 

1-33 

104 

2J 

21-3 

16-8 

a 

1-61 

1-29 

2i 

23-6 

18-4 

i 

1-91 

1-60 

2| 

26-7 

20-2 


2-26 

1-77 

2i 

281 

22- 1 

i 

2-61 

204 

3 

30-6 

24- 1 

a 

2-99 

2-36 

3i 

36-9 

28-3 

1 

3-40 

2-68 

3i 

41-7 

32-8 

i-ft 

3-84 

302 

H 

47-8 

37-6 

li 

4-31 

3-38 

4 

54-4 

42-8 

ift 

4-80 

3-77 

H 

61-6 

46-3 

li 

6-32 

417 

41 

68-9 

54- 1 

ift 

6-86 

4-61 

1 

76-8 

60-3 

If 

6-43 

506 


85- 1 

66-9 

• ft 

7-03 

519 

H 

93-8 

73*7 

4 

7-71 

6-01 

5i 

102*9 

80-9 

Ift 

8-31 

6-62 

5} 

112-4 

88-4 

4 

8-99 

706 

6 

122-6 

96-2 

•ft 

9-80 

7-62 





WEIGHT, MELTING POINT, AND SPECIFIC HEAT OF METALS 


Metal 


Aluminium 

Brass 

80 copper, 20 zinc ) 
60 copper, 50 zinc I 
Bronze 
Cast Iron 
Copper 
Lead 
Monel 
Nickel 
Steel 

Tin . . . 

Zinc 


I Weight I Melting Point t « xj ^ 

I Lb./cub. ft. I I Specific Heat 


167 

1,210 

•219 

537 

1,850 

•092 

612 

Approx. 1,700 

— 

532 

Approx. 1,675 


450 

2,200 

•114 

560 

1,940 

•0936 

709 

620 

•0305 

554 

2,480 

— 

540 

2,600 

•109 

490 

2,500 

•116 

455 

446 

•0663 

428 

786 

j 

•0935 
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CASTING WEIGHT FROM PATTERN 




Weight of Casting per Lb of Pattern (approx.) 


Material 

C.I 

C.S. 

Zn 

Cu. 

1 1 

Y B 

1 1 

G.M. 

1 

Al. 

Haywood 

12 

14 

12 

15 

)4 o 1 

15 

46 

Beech 

10 

11 

10 

12 

11 5 

12 

3 5 

Cedar 

11 5 

12 5 

11 5 

13 :> 

13 

13 5 

1 37 

Mahogany 

8 

9 

8 

10 

9 5 

10 

[ 3 0 

Maple 

10 

11 

10 

12 5 

12 

12 5 

1 3 5 

Oak 

8 

9 1 

8 

10 

9 5 

1 

I 30 

White Pine 

14 5 

15 5 

14 5 

18 

17 5 

18 

6 6 

Yellow Pine 

14 

1 

15 

U 

17 

10 5 

17 

50 


The patterns aio without (oros ( 1 , cast non, CS ( a^t steel, Y B, yellow brass, G M. 
gun metal. 

WEIGHTS OK VARIOUS SUBSTANCKS 


1 

Material ! 

1 Lb /( u ft 1 

C\i ft /ton 1 

Mate! lal 

Lb /t u ft 

Cu ft /ton 

Brick (common) 

85 118 1 

264 10 

Gia\ol and Sand (dr> ) 

100 

224 

(hre) 

137 


Marble 

168 

134 

„ (in mortal ) 

112-125 I 

20-iS 

Millstone 

154 

144 

Cement (loose) 

85 1 

26 

Sand (voiy wot) 

125 

18 

„ (set) 

140 

16 

Slate 

167-180 

141 124 

Chalk 

145 

15i 

Stone, Bath 

122 

184 

Clay 

120-135 

183 16J 

, Basalt 

164 

134 

Coal 

77-102 

29 22 

Craigbath 

145 , 

1 154 

„ (common) 

Earth (common) 

80 

28 

Lime 

168 1 

' 134 

90 130 

25 17} 

I’a\mg 

161 

143 

Granite 

164 1 

1 

Poitland 

145 1 

154 

Gravel and Sand (moist) 

no 

204 

Sandstone | 

137 

164 


Loose coal (»ccupies appi ox 42 (ub ft pei ton 


CEMENT AND CONCRETE COMFRESS1VP3 STRENGTH AFTER A YEAR 


Pioportions of Jjiiiie or (^einent to Sand and Gravel 


Lime or Cement 


1 to b 


1 to H 


1 to 10 1 to 12 


Grey Lime 
Lias Lime 
Anberthan Lime 
Portland Cement 


10 2 

4 6 

5 2 

11 4 

11 1 

11 6 

34 1 

21 8 

15 4 

100 7 

76 4 

53 5 


_ 




Cement: 12 bags - 1 ton, 1 bag = 187 1b oi approx lit wt 

For 6 to 1 Portland Cement Concrete 1 tub ft =- 136 lb , 1 cub yard = 1 64 tons, 16J tub 


1 ton. 

2 bags of cement for 1 cub. yd ot concrete 3 cwt 2 qr 14 lb 

Ultimate tensile strength of good cement concrete used as a beam is 100 lb. per sq. inch. 


ft 
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WORKS ORGANIZATION AND MANAGEMENT 


WHITWORTH STANDARD BOLTS AND NUTS 


Diameter 
of bolt 


In. 

1 


i 

8 

i 

ii 

i 

1 

li 

11 

i| 

n 

ii 

ij 

2 

n 

2i 

21 

S 

31 

34 

31 

4 

44 

5 


Threads 
per inch 

Diain. at 
Bottom 
of 

Thread 

Area at 
Bottom 
of Thread 

Width 

across 

Flats 

Width 

across 

Corners 

Thickness of 

Bolt 

Head 

Nut 


In. 

Sq. m. 

In. 

In. 

In. 

In. 

20 

•1860 

•027 

•525 

-6062 

•2187 

i 

18 

•2414 

•046 

•6014 

•6944 

2734 

h 

16 

•2950 

•068 

•7094 

•8191 

•3281 

i 

14 

•3460 

•094 

•8204 

•9473 

•3828 

■h 

12 

•3933 

121 

•9191 

10612 

•4376 

i 

12 

•4558 

•164 

1011 

11674 

•4921 


11 

■6086 

•203 

MOl 

1-2713 

•6468 


11 

•6711 

•256 

1-2011 

1-3869 

•6016 


10 

•6219 

■304 

1-3012 

1-5024 

•6662 

i 

10 

•6844 

•367 

1-39 

1-6050 

■7109 


9 

•7327 

•422 

1-4788 

1-7075 

•7656 

i 

8 

•8399 

•554 

1-6701 

1-9284 

•876 

1 

7 

•9420 

•697 

1-8605 

2-1483 

•9843 

H 

7 

1 0670 

•894 

2-0483 

2-3651 

1 0937 

11 

(') 

M616 

106 

2-2146 

2-5571 

1-2031 

1| 

6 

1-2866 

1-3 

2 4134 

2-7867 

1-3126 

11 

5 

1-3689 

1-472 

2 5763 

2-9748 

1-4218 

If 

6 

1-4938 

1-763 

2-7578 

3-1844 

1 5312 

1| 

4-6 

1-7154 

2-31 

3 1491 

3-6362 

1-75 

2 

4 

1 -9298 

2-925 

3-546 

4-0946 

1-9687 

21 

4 

2- 1798 

3*732 

3-894 

4-4964 

2-1876 

24 

8 5 

2-3SU 

4-464 

4181 

4-8278 

2-4062 

21 

3-5 

2-6341 

5-45 

4-531 

5-2319 

2-625 

3 

3-2r) 

2-8560 

6-406 

4 85 

5-6002 

2-843 

31 

3 25 

3- 1060 

7-577 

5175 

5-9755 

3-062 

34 

3 

3-3231 

8-673 

5 55 

6-4085 

3-281 

31 

3 

3-5731 

10027 

5-96 

6 8704 

3-5 

4 

2-875 

4-0546 

12-912 

6 825 

7-8819 

3-937 

41 

2-75 

4-534 

16-15 

7-8 

9-0066 

4 375 

5 


tjAJb'K LOADS ON STUDS AND BOLTS 
(<ioiinral Engineering = O. Hydraulic Engineering — H) 


Diameter of 

Safe Load that One Stud 

Diameter of 

Safe Load that One Stud 

Stud or Bolt 

or Bolt will Carry (Mild 

Stud or Bolt 

or Bolt will Carry (Mild 


Steel) 

- 

Steel) 

Inches 

0. H, 

Inches 

G. H. 


Lb. 


Lb. 

i 

400 560 

li 

10,500—15,600 

i 

800— 1,000 

2 

16,200—20,800 

* 

1,100— 1,260 

2i 

26,100 


1,600— 2,630 

3 

38,100 

1 

2,600 - 3,300 

34 

53,000 

U 

3,500— 4,800 

4 

70,200 

H 

4,600— 8,000 

44 

90,000 

i| 

6,000— 8,500 

6 

113,000 

U 

7,600—10,500 

64 

138,000 
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BRITISH STANDARD PIPE THREADS 


Int. 

Dia. 

Ext. Dia. 
Black 
Tube 
(approx.) 

Dia. at 
Top of 
Thread 

Depth 

of 

Thread 

Dia. at 
Bottom 
of 

Tliread 

Area at 
Bottom 
of 

Thread 

in. 

in. 

1 

in. 

111. 

1 

in. 

H(}. in. 

i 


•383 

-023 

■337 

i 


•518 

•0335 

■451 

•1598 

j 

li 

•665 

•0335 

•589 

2725 

5 


•825 

•0455 

•734 

i 4232 

i 

it 

•902 

•0455 ' 

■811 

•5166 

l 

H 

1041 

•0455 

•950 

•7088 

l 


M89 

•0455 

1-098 

•9469 

1 

iM 

1-309 

•058 

i 193 

M178 

n 


1(>60 

•058 

1-534 

1-8482 

li 

m 

1-882 

•058 

1-766 

2-4495 

If 

2A 

2116 

•058 

2-000 

3-1416 

2 

2i 

2-347 

•058 

2-231 

3-9092 

2i 

21i 

2-587 

•058 

2-471 

. 4-7955 

2i 

3 

2-960 

•058 

2-844 

6-3526 

2j 


3-210 

058 

3 094 

7-5185 

3 

H 

H 

3-460 

•058 

3-344 

8-7826 

3t 

3-700 

058 

3-684 

10-0877 

H 

4 

3-950 

•058 1 

3-834 

11-5450 

3| 


4-200 

•068 

4-084 

13-0997 

4 

4J 

4-450 

•058 

4-334 

14-7526 


5 

4-950 

•068 

4-834 

18-3.528 

6 

5J 

5-450 

1 058 

5-334 

22-.3458 

H 

(t 

5-950 

•058 

5-834 


() 

«i 

6-450 

•058 1 

6-334 



Threads 

per 

inch 
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B.S. FINE THREADS 


Diam. 

' 

Threads 
per in. 

Depth of 
Thread 

Dia. at Bottom 
of Thread 

Area at Bottom 
of Thread 

in. 


in. 

in. 

sq. in 

i 

26 

•02466 

•2007 

•0316 

is 

26 

•02466 

•2320 

•0423 

A 

22 

•02910 

•2543 

•0608 

i 

20 

♦03200 

•3110 

•0760 


18 

03565 

•3664 

•1064 

i 

16 

•04000 

•4200 

•1386 

A 

16 

•04000 

•4826 

•1828 

i 

14 

•04675 

•5335 

•2236 


14 

•04575 

•6060 

•2790 

i 

12 

06336 

•6433 

•3250 


12 

05336 

•7068 

•3913 

i 

11 

•06820 

•7686 

•4520 


11 

•05820 

•8211 

•5296 

1 

10 

•06405 

•8719 

•6971 

H 

9 

•07116 

•9827 

•7685 

H 

9 

•07115 

11077 

•9637 

H 

8 

•08006 

1-2149 

11693 

li 

8 

■08005 

1-3399 

1-4100 

n 

8 

•08006 ‘ 

1-4649 

1-6864 

H 

7 

•09160 

1-5 70 

1-9286 

li 

7 

•09160 i 

1-6920 

2-2486 

2 

7 

•09160 

1-8170 

2-5930 

h 

7 

•09160 

1-9420 

2-9620 

2i 

6 

•10670 

2 0366 

3-2676 

2i 

6 

•10670 

21616 

3-6698 

2i 

6 

•10670 

2-2866 

4- 1065 

2t 

6 

•10670 

2-4116 

4-6677 

2i 

6 

•10670 

2-6366 

50535 

2i 

6 

•10670 

2-6616 

6-6639 

3 

5 

1 

•12805 

2-7439 

1 

5-9133 


STANDARD CARBURETTOR FLANGES (2 Bolt Type) 


Flange 

No. 

Car- 

burettor 

Bore 

Max. 

Bore 

Bolt 

Hole 

Centres 

Flange 

Length 

Flange 

Width 

1 

Flange - 
End 
Radius 

Flange - 
Cen. 
Radius 

Bolt ^ 

Hole 

Dia. 

Bolt 

Dia. 


m.m. 

m.iii. 

m.m. 

m.m. 

iM.m. 

m.m. 

m.m. 

m.m. 

in. 

B.S.l 

To 26 

26 

48 ! 

62 ! 

38 

10 

19 

70 

i 

B.S.2 

27-30 

30 

55 

73 j 

45 

12 

22-6 

8-5 

h 

B.S.3 

31-36 

36 

65 

85 ' 

62 

13 

26 

10-6 

i 

B.S.4 

37-42 

42 

72 

96 ; 

68 

16 

29 

10-6 

i 

B.S.5 

43-48 

48 

76 

100 1 

65 

16 

32-6 

10-5 

1 

B.S.6 

9-66 

56 

82 

106 ! 

72 

16 

36 

10-6 

i 



APPENDIX 


453 


S.A.E. STANDARD SCHPAV 'rUREADS 


Diameter 

Tliri'ads per ineh 

1 (V)re Dianiotc'r 

1 

(Vire Area 


in. 



"i 

111. 

K<|. 111. 

1 

1 

i 

2S 


o-2o:U) ' 

0*032r> 

1 

ft 

24 


, 0-2r)84 

0*0524 

' 


24 


1 0-3200 

0*0808 


f« 

2(1 


0* 72(i 1 

0*109 



20 


0-43:)l ' 

0*149 


* 

IS 


0-41K)3 1 

0*189 


!! 

18 


()-r)r)2s 

0*240 

1 


1(> 

1 

0*6063 1 

0*289 

' 

1 

16 


0*6688 

0*351 


i 

14 

1 

(»*7822 

0*481 


1 

11 

1 

0*9072 

0*647 


11 

12 


l*01()8 

0*812 


U 1 

12 

1 

M4I8 

1*024 



12 


1 2668 

1*261 


U 

12 


1*3918 1 

1*524 

' 



D.A 

. SCMIEW TllHEADS 




'J'ap Drill Size 


in. 

Nn. r> 

iii 

i 

i 

ft 

n 

M 

n 

n 

l3‘. 

I £ 


Hi 







( ’ore 

1 



No 

Diameter 

1‘iteli 

Ari'u 










(V)io Diuiiioter 

1 Drill 


Him. 

111. 

iiiiii. 

III. 

s(j. nun. 

iniM. 

! in. 


0 

6*0 

*236 

1*00 

•0394 

18*10 

4 8 

189 

12 

1 

5*3 

*209 

*90 

*0354 

13 99 

4 22 

' *166 

19 

2 

4*7 

•185 

*81 

•0319 

10 93 

3 73 

1 1 17 

26 

3 

4*1 

•161 

*73 

0287 

811 

3 22 

127 

31 

4 

3*6 

*142 

■()6 

0260 

6*20 

2 sl 

ill 

31 

5 

3*2 

*126 

59 

•0232 

4 S7 

2 19 

1 098 

40 

6 

2*8 

*110 

*53 

*0209 

3(i(i 

2 16 

*085 

44 

7 

2*5 

*098 

*48 

•0189 

2*89 

1 92 

*076 

48 

8 

2*2 

*087 

•43 

•0169 ! 

2*22 

l*l>8 

•066 

51 

9 

1*9 

•075 

*39 

*0154 

1*61 

1 13 

1 *057 

53 

10 

1*7 

*067 

•35 

*0138 

1 29 1 

1 28 

•050 

56 

11 

1 5 

*059 

31 

•0122 , 

1*00 1 

113 

Oil 

59 

12 

1*3 

*051 

•28 

•0110 

0-72 

0 96 

■038 

' 62 

13 

1*2 

*047 

25 

0098 

0 64 

0 90 

•035 

1 65 

14 

, 1*0 

*039 

*23 i 

•(.091 1 

0*41 

0*72 

1 -028 

".O 

15 

0*90 

*035 

21 1 

•0083 1 

0*33 

0*65 

1 *025 

72 

16 

0*79 

•031 

•19 

•0075 

0 2') 

0-56 

•022 

74 

17 

0*70 

*028 

17 

•0067 

0 20 ' 

0 50 

, -020 

76 

18 

1 0*62 

*024 ' 

*15 ' 

•0059 

0 15 

0-44 

1 017 

77 

19 

0*54 

1 *021 ‘ 

•14 

•0055 

0 11 

0 37 

*015 

78 

20 

0*48 

1 019 , 

12 

•0047 

0-091 

0-34 

1 *013 

80 

21 

0*42 

•017 

11 

•0043 

0 0(;6 

0 29 

' *011 

- 

22 

0*37 

*015 

•10 

*0039 1 

0*019 

0*25 

010 


23 

0*33 

*013 1 

*09 

•0035 1 

0-038 

0*22 

•009 

i 

24 

0-29 

•Oil 

■08 

*0031 

0028 

019 

•008 
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ATOMK^ OR COMBJNlN(J WEK.HTS Ol^ THE I^LFMENTS 


Eloineut 

Symbol 

Atomic 

Weight 

Elomont 

Symbol 

Alumiuiuin 

A1 

27 

Molybdenum 

Mo 

Antimoiij 

Sb 

1 19 b 

Nickel 

Ni 

Arsenic 

As 

71 9 

Niobium 

Nb 

Barium . 

Ba 

136 8 

Nitrogen 

N 

Beryllium 

Be 

9 1 

Osmium 

Os 

Bismuth 

Bi 

207 5 

Oxygen 

O 

Boron 

B 

10 9 

Palladium 

Pd 

Bromine 

Bi 

79 7b 

Phosphorus 

P 

Cadmium 

Cd 

111 7 

Platinum 

Pt 

Ceesmni 

(\ 

132 7 

Potassium 

K 

Calcium 

Cti 

39 9 

Hhotlium 

Rh 

Carbon 

c 

1 1 97 

Rubidium 

Rb 

C’enum 

i\ 

141 2 

Ruthenium 

Ru 

(''hlonne 

c\ 

35 37 

Scandium 

Sc 

Chromium 

Cl 

52 4 

Selenium 

So 

Cobalt 

Co 

58 b 

Silicon 

Si 

Copper 

Cm 

63 2 

Sil\ (»r 

Ag 

Didymium 

I) 

145 

Sodium 

Na 

Erbium 

i: 

16b 

Stiontiurn 

Si 

Fluorme 


1 9 Ob 

Sulphui 

Tantalum 

S 

Gold 

All 

19b 2 

Ta 

Hydrogen 

H 

1 

Tellurium 

Te 

Indium 

In 

1 13 4 

Thallium 

T1 

Lodme 

I 

12(» 54 

Thoinim 

rb 

indium 

h 

192 5 

Tm 

Sn 

Iron 

hi 

55 9 

Titanium 

Ti 

Laiithanuiii 

Ln 

138 5 

Tungstc'ii 

W 

Lead 

Ph 

206 4 

Cranium 

Uu 

Lithium 

Li 

7 01 

Vanadium 

Vv 

Magnesium 

Mg 

23 91 

Yttiium 

Y 

Manganese 

1 Mn 

1 54 8 

Zinc 

Zn 

Mercury 

Hg 

' 199 S 

Ziiconium 

Zi 

1 






1 


Atomic 

Weight 

9") S 
58 6 
94 

14 01 
195 

15 9b 
106 2 

ao 90 
1 94 5 
39 03 
104 1 
85 2 
103 5 
44 
78 9 
28 

107 6b 
22 99 
87 3 
31 98 
182 
126 3 
203 b 
232 
117 5 
48 

183 6 
239 8 
51 2 

89 b 
64 88 

90 
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Descriptive 

Number 


7/0 

6/0 

5/0 

4/0 

3/0 

2/0 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 


IMPERIAL OK LEGAL STANDARD WIRE GAUGE 


l^^quivalont in 


Parts of 1 

Milli- 

an Inch | 

metrcis 

•500 

12-700 

•464 

11*785 

•432 

10-973 

•100 

10-160 

•372 

9-449 

•348 

8-839 

•324 

8-229 

•300 

7-620 

•276 

7010 

•252 

1 

6-401 

•232 

5-803 

•212 

5-385 

•192 1 

4-877 

•176 

4-470 

•160 

4-064 

•144 

3-658 

•128 

3-251 

•116 

2-946 

•104 

2-6 42 

•092 

2-337 

•080 

2 032 

•072 

1-829 

•064 

1-026 

•056 

1-422 

•048 

1-219 

•040 

1016 

•036 

•914 

•032 

•813 

•028 

•711 


Se<‘tional 


Area t)f 

Doscripl 

Wire m 

Nuiubi 

Sq. 111. 


•1963 

23 

•1691 

24 

•1466 

25 

•1257 

26 

•1087 

27 

•0951 

28 

•0824 

29 

•0707 

30 

•0598 

31 

•0499 

32 

•0423 

33 

•0353 

3 4 

•0290 

35 

•0243 

36 

•0201 

37 

•0163 

38 

•0129 

39 

•0106 

40 

•0085 

41 

•0066 

42 

•0050 

43 

•004 1 

44 

•0032 

45 

•0025 

46 

•0018 

47 

•0013 

48 

•0010 

49 

•0008 

50 

•0006 



Kc]iu\alont in 


Parts of 1 

Milli. 

an Tnoli | 


'024 i 

•610 

•022 1 

•559 

•020 

•508 

•018 

•457 

•0164 

•4166 

•0148 

•3759 

•0136 

•3454 

•0124 

•3150 

•0116 

•2946 

•0108 

•2743 

•0100 

•2540 

•0092 

•2337 

•0084 

•2134 

•0076 

•1930 

•0068 

•1727 

•0060 

•1524 

•0052 

•1321 

•0048 

•1219 

•0044 

•1118 

•0040 

-1016 

•0036 

•0914 

•0032 

•0813 

•0028 

•0711 

•0024 

i -0610 

•0020 

•0508 

•0016 

•0406 

•0012 

•0305 

•0010 

•0254 


Soctioiuil 
An^a of 
Wire in 
Sq. In. 


1 -0005 

•0004 
•0003 
•00025 
•00021 

•00017 

•00015 

•00012 

•00011 

•00009 

•00008 

•00007 

•00006 

•00005 

•00004 

•00003 

•00002 

•000018 

•000015 

•000013 

•000010 

•000008 

•000006 

•000004 

•000003 

•(K)0002 

•000001 

•000001 



AIDS TO PRODUCTION 

INTERNATIONAL TIME AND UBOUR SAVING MACHINES 

TIME RECORDING 

The very latest model — the 

TAAPI HAAUf / 

is the speediest and most efficient Time 
Recorder in the world. Note its stream- 
line. There are no handles or levers to 
press. Insert card: the record’s made! 
IT RECORDS TIME FASTER. 

ASK FOR FOLDER 283/327 


JOB TIMING 

The basis of a reliable costing system 
is the record of the times of starting 
and finishing jobs. These records are 
given accurately, quickly, automatic- 
ally by International Job Timer 
EMC 1 008. The new Triggerprint 
model records in a flash on forms of 
any size and of any desired shape. 

ASKFORBOOKLET20I/327 


• 

WORKS ORDERS 

International Electric Writing Machines 
give evenness of typing irrespective of 
the typist’s touch. They save time and 
effort and ensure legibility of carbon 
copies — even up to twenty at one 
typing. The Hektowriter pays for itself 
in a few months in carbon paper 
saving apart from other advantages. 

ASK FOR BOOKLET 229 

INTERNATIONAL TIME RECORDING CO. LTD. 

(Incorporating Dey Time Registers Ltd.) 

INTERNATIONAL WORKS, BEAVOR LANE, LONDON, W.6 

Showrooms I II STRAND, W.C.2 Telephone; Temple B.r S84I 

Branches in Birmingham, Manchester, Leeds, Newcastle, Glasgow 

• 
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INDEX 


Acc^kssoiuks, 3o 

Accident advisory coiuinittce, 192 

report, 3 84 

statistics, 184 

Accidents, reporting of, 179 
Acetylene cylinders, GO 

— gas supply, 59 
Address book, 109 
Adiabatic conipn'ssioii, 50 
Administration, 1 
Ago grouping of apprentices, 109 
Air compressors, 57 

, humidity of, OS 

— installations, 57 
movement, Oti 

-, j)re-heat ing of, 7 1 

— space, 34 
AirwJieel, the, 37S 
Allowance, 123 
Amalgamation, 2 
Ambulance room, IS I 
Angle typo refleclors, SO 
Annealing, 42, 393 
Annual report, 24 S 
Apprenticeship, 20() 

Artificial illumnuil ion. 79 
Assembling, 37 
Assistant fon'inen, 238, 239 
Automatic <eniperature control, 75 
Average earnings of a workman undm* the \V< 

men’s Oomjx'iisation Acts, 189 

Halammno of depart in<‘nl.s, 35 
Basis times, fixing of, 2S2 

— — , registration of, 2S0 
Bedaux system, 272 

Belt and bucket <*levator, 427, 42S 
con\('ver, 428 

Bend test, 391, 393, 391, 395 
Bevel g(uir testing maehiiu', I3!f 
Block jilan of ideal layout ot faetoiy »ite, 15 
Booking of group tim<s 290 
Box drilling jig, 117 
British Standards Institution 
development of t h(‘, 303 
objects of the, 304 
British Thermal Unit, 59 
B.S.l. standards, 300 
Budget control, 1 1 
Budgetary control, 420 
Buihiing construct ion, 28 

Research Station, 374 

Buildings — 
air space, 34 

balancing of dopartmoiits, 35 

design of, 27 

ilirect line layout, 35 


' Buildings {contd .) — 
flooring, 34 
I foundations, 28 
multi-story, 28, 32 

I production areas, planning of, 35 
I roofing, 32 
I service areas, 35 
I single-story, 28 

steel frame construction, 30 
I transport, 35 

Oalci I ATiNO bonus, 293 
(Uiialln-pow’or, 80 
(’apstau lathe, 98 
Uarbiile tips, Imizing of, 1 19 
Uase-hardenmg, 42 
Bastings, 35 
I Cast-iron jilaies. 202 
t/’atalogue, 411 
(’entral garage, 203 

— planning, ad\untages of, 330 

I power stations, 50 

I ( Viitralizi'd control of transport, 203 
I (’'hargiaiMMi, 238, 239 
Cliargt'nuai’s differential rates, 154 
— prenmmi homis, 284 
Charges, allocation of, 227 
' Charts, jirovisiun of, 12 
(’hemistry, 375 

rk- Chequer ])lat mg, 427, 428 
(’hi(‘f (‘\eculi\e oHic(‘r, 2 

mspiH'tor of faclori(‘s. 170 
' Chipjniig, 179 
I (’hutes, 250, 427 
, Circulating fans, 07 
Classification of industry 
I type of enifiloyee, 20 

I type of naJustry, 20 

type of ofu'irulion, 20 
tyjie of product, 20 
Cleaning of window's, 7!t 
machinery, 180 
! Clerical errors, 429 
I Climate, 24 
(blocking before tinu*, 222 
— erasures, 222 

— — in late, 222 

— irregularities, 218 
Closed l(-dge type shelving, 409 

tyjie shelving, 408 

Clothing, 378 
Codes, 302 

Coding of worksho]) expenses, 220 
Coeflieient of reflection, 72 

of utilization, 88 

Collective system, 281 
Combination drive, 50 
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Combination turret lathe — 
medium size, 99 
large size, 103 

Combined general and local lighting, 82 

heating and ventilating systems, 72 

jig and fixture, 149 

Commercial measurement considerations, 123 
Completion of work, method of recording, 356 
Composite drawings, 303 
Compression test, 399 
Concentrating typo rofloctors, 86 
Conditions of contract, 383 

of sale, 429 

Conduct, 179 
Conduits, painting of, 60 
Continuous working, 360 
Contract, failure to fulfil, 388 
Conversion of system, 283 
Conveyance notes, 334 
Conveyer systems, 260 
Coolants, 95 

Co-operating organizations, 365 

Corporate activities, 2 

(> 08 t of living bonus, 154 

Covering, necessity for adequate, 406 

Cranes, overhead travelling, 253 

Credit notes, 334 

(^upolamen, 268 

(Customs duties, 389 

Cutting tools, 117 

^ influence of, 93 

Cyclone dust separator, 76 

Daily progress meetings, 362 
Daylight factor, 78 
Daywork, 294 
Defective material, 388 
work, 239 

Defects in machinery or workshops, J 80 
Definition of machine tools, 91 
— of terms, 1 
Delays, external, 238 

, internal, 238 

Delivery, 384, 430 

, date of, 430 

— lists, 331 

^ time of, 429 

Deliveries, 386 

Departmental requirements, 35 
accessories, 35 
assembling, 37 
castings, 35 
die casting, 37 
dispatch. 40 
ei*ecting, 37 
fibre parts, 37 
finishing, 37 
fitting, 37 
forging, 37 
hot pressing, 37 
machining, 37 
millwrights, 40 
packing, 40 
pattern-making, 40 
plate work, 40 


Departmental requirements (contd .) — 
raw materials store, 41 
rubber parts, 37 
sheet metal work, 40 
stamping, 37 
welding, 43 

Dependants entitled to compensation, 184 
Depot plate, 260 
Depots, grouping of, 260 
Design, 299, 306 

, influencing the, 320 

of buildings, 27 

— ■ — of macliino tools, 91 

of reflectors, 85 

, points in, 306 

Designs, 379, 381 

, alterations to existing, 238 

, now, 238 

Detective operation, 88 
Development of organization, 9 
Die casting, 37 

Diesel electric locomotives, 385 
Differentiation between jig and fixture, 143 
Diffusing type fittings, 86 
Direct lino layout of buildings, 35 
Dirty waste, 179 
Dispatching centres, 407 
Dispersive type reflectors, 86 
Dispute, 429 

Distribution, standard system of, 53 
“Don’ts” for jig designers, 146 
Drainage, 23 
Draughtsmen, 299 
Drawing office experience, 211 

— standards, 300 

, the, 299 

stores, the, 307 

Drawings, 299 

, general characteristics of, 301 

— , reproduction of, 305 
— , size of, 305 
Drilling jig, 146 
Driving fits, 125 
Drop hammers, 180 

Duplex vertical boring and turning mills, 105 
Dust collection, 76 
Dye line prints, 306 

Economics of premium systems, the, 279 
Effectiveness of salesmen, 430 
Efficiency factor, 283 
Electriced equipment, 52 
switchgear, 180 

Electrically controlled time recorders, 215 
Electric driving, advantages of, 50 

globes, putting in, 180 

power, 49 

Embryo engineer, the, 205 
Employee participation in profits, 274 

stock ownership schemes, 276 

Employee’s work book, 291 
Employees’ suggestions, 248 
Emplo 5 rment, conditions of, 163 

, general qualifications for, 166 

Empties, 386 
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Enclosures, 407 
Engineer pupil, the, 212 
Engineering apprentice, the, 211 

research, 376 

Equipment, 270 
Erecting, 37 

shop, 210 

Erection, 384 

Estimates involving reorganization schomes, 323 

, use of, 311 

Estimating, 311 

Excise duties, 389 

Existing designs, alterations to, 238 

factory sites, 24 

Experimental work, 239 
Experiments, 373 
External works transport, 21 
Extraction, 70 

Eye accidents, prevention of, 173 
— ■ protectors, 180 

Factobuss Act, 109 
Factory personnel, 169 
— — site — 

block plan of ideal layout, 16 
climate, 24 
drainage, 23 

existing factory sites, 24 
external transport, 21 
general stirvey of, 1 8 
ideal layout, 16 

layout of factories, generalities, 16 

local government regulations, 21 

personnel, 24 

power services, 23 

preliminary considerations, 14 

purchasing price of, 23 

rights of way, 20 

selection of, 14 

site questionnaire, 10 

title deeds of, 20 

town versus coimtry situation, 21 

water sup])ly, 22 

regulations, 22 

Fatal accidents, 189 

Faulty material, rectification of, 343 

workmanship, 343 

Ferro -prussiate prints, 306 
Fibre parts, 37 

Finished work inspection, 404 

inspectors, 238, 239 

B'inishing, 37 

Fire-fighting equipment, 40 

precautions, 48 

Fires on electric switchboards, 180 
First aid treatment, 179 

angle projection, 300 

Fitting, 37 

shop, 209 

Fixtures, 143, 266 
Flattening test, 395 

Flexibility of Larkin system of workshfip train- 
ing, 203 

Floating carriage diameter measuring machine, 
136 


Floor areas, 26 
“Floor to floor’’ time, 140 
Flooring, 34 
Flow of work, 360 
Force fits, 125 
Foremen, 238 ^^ 239 
Forging, 37 
Former plates, 150 
Foot-candle, the, 80 
Foundation plan, 103 
Foundations, 28 
Foundries, 210 
Front clearance angle, 119 
Fuel oil, 377 

Kesearch Station, 374 

Fimction of machine tools, 91 
Functional drawings, 299 
organization, 6 

Fundamental principles of workshop training, 
196 

Galvanizing test, 396 
Gangway racks, 410 
Gang^\ays, 406 
Gantt charts, 351 
Garage, central, 263 
Gasholder, 59 
Gas jxiwer, 68 

producer, 69 

referees, 69 

, unit of, 59 

Gauge manufacture, principles of, 130 
Gear wheels, 386 

General characteristics of drawings, 301 

lighting, 82 

manager, 2 

oflices, 43 

— - — survey of factory site, 18 
Glare, 80 

Good lighting, advantages of, 90 
Gravity roller conveyors, 428 

— tabl<5H, 429 

Grinding wheels, 1 80 
Gross tolerance, 123 
Group driving, 65 

percontagtis, 294 

time, 290 

Guarantee, 429 
Guiding saws, 179 

Halsey premium system, 275 

Halsey-Weir premium system, 276 

Hardening, 42 

Hardness of test bars, 395 

Heat losses, 61 

Heating, 01 

and ventilating jilant, installation of, 75 

, unit system of, 66 

Heat-treatment, 42 
High limit, 124 

Higher national engineering certificate, 206 
Home Office industrial museum, 176 
Honours degree, 207 
Hot metal or slag, 180 
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Hot water heating, 62 
Humidity of air, 68 
Hydraulic accumulators, 58 

power, 57 

pressure pumps, 58 

Hydro-electric power, 56 

Ideal layout of factory site, 15 
Idling, 179 

Illumination intensity, 80 
Impact test, 400 

testing macliim*, 401 

Import duties, 389 
Incentives, 433 
Inclinod bolt conveyor, 428 
Indemnification, 389 
Independent drive, 94 

investigation, value ()f, 245 

Indexing alphabetically manufactured items, 329 

catalogue numbers, 329 

drawing numbers, 329 
Individual drive, 56 
system, 281 

Industrial accidents and tli(*ir prevention, 176 

- lighting, 77 
psychology, 174 
standardizat ion, 363 
Welfari' Society, 175 

Industry, classification of, 26 
Inferior material, 388 
Inflammable stores, 179 
Injury to persons, 384 
Inspection, 384, 430 
certifi(*ate, 399 

- standards, 397 
Inapective operation, 88 

Institution of Mechanical Engineers, 207 
Insurance against fire and accidiMit, 385 
Interference with machinery, 179 
TntermitUnit production, 237 
Internal boring fixture, 149 
Interviewing an apjilicant, 157 
Inventory of ])lant, 233 
Investigations, mdepen<lent, 238 

, outline of, 238 

Invoices, 386 

Iron bars, identification of, 41 1 
Irregular meal hours, 222 
“ jiractices, 359 
Isothermal compression, 56 
Izod impact test, 400 

Jias, 143, 266 

- and fixtures, arivantagi^s of, 1 H 
, haiulling of, 151 
, ])oints in design of, 144 

, practical examples of, 146 

Job specifications, 164 

- study, 265 
tickets, 334 

Justification of purchast^ of inachiiie tools. 107 
Juvenile employees, 181 

Katatheumometeh, the, 75 
Knockout grids, 427 


L ABO UK, remuneration of, 274 
Ladders, 180, 411 
Lamp, efficiency of, 81 

— sizes, 87 

•Larkin system of workshop training, 193 

in operation, 197 

Late deliveries of material, 362 
Layout charts, 351 

of factories, generalities. 15 

of mac’hine tools, 94 
Ledger storeys, 415 
L<*tting orders, 389 
Lifting, 252 

articles or material, 180 
tackle, 253 
Lifts, 252 

Light depreciation factor, 88 
Lighting. 406 

, advantages of good, 90 
, combined general and local, 82 
, gtaieral, 82 
, industrial, 77 
installation, plaiiuiiig a, 82 
, localized, 82 

, modified general, 84 

, natural, 77 
points, locution of, 85 
Limit gaugtjs, internal and <‘xternal, 131 
Limits, 123, 402 
Line and staff organization, 7 
man, 9 

Load charts, 351 

- factor, 53 
Loads, 407 

Local (Jovernment regulations, 21 
Lo(‘ation of time recorders, 217 
Loeomotivess. shunting, 263 
Lost production, 237 
time liooks, 219 
Jvoiiv're roof ventilators, 67 
Ijow limit, 12-1 

production, 237 
Lumen, tlu', 80 

Machine capacity cliart, 103 
Machinmy, chiming, 180 
guards, ISO 
, intciftMcm-e with, 179 
, painting of, 90 
Machine shofi, 209 

-r- tool cajiacity card, l(t7 
r(*cord card. 107 
tools, 01 
definition of, 91 
design of, 91 
function of, 91 

justification of piircliaso of, 107 
layout of, 94 
repair costs of, 1 16 
Mac'hining, 37 
MaintenaiK'e, 60, 3S4 
- — of transport vehicles, 263 
Mall(*ability of cast-iron fittings, test for, 395 
Man and machine record charts, 351 
Management function, the, 1 
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Managerial advisory committee, 11 
Manufacture, alternative methods of, 320 

, initiation of, 299, 310 

Manufacturer’s reputation, 419 
Manufacturing costs schedule, 313 

efficiency, 271 

estimates, preparation of, 311 
specification lists, 334 

— - tolerance, 391, 392 
Market study, 434 

■ in relation to technical development, 

435 

Markings, 392, 394 
“Master” inquiry, 383, 422 

schedule board, 198 

Material and opfirutiou schedule, 313 

lists, 331 

on delay, 415 

ordering specification of details, 331 
, recovery of, 239 
Materials, handling of, 200 

— — inspection, 397 

testing depart mt‘u(, 210 
Matri<*ulati(jn certificate, 200 
Maximum allowance, 123 

and tninimiim allowance's, 125 

stock, 405 

Meaiimg .of “employer” in tiu^ Worknu'irs Com- 
})ensation Acts, 188 
Measuring inst.ruments, 134 
Mechanical equipment, indispensalhlity of, 250 
“Mechanical j)owers,” 

Meelianical tests, 399 

ventilation systems, 70 
Mechanized foundry, jdant for, 427 
Meilical examination, 100 
Metallurgy, 375 

M(‘thod of recording progress in worUsliop 
training, 203 
Military organization, 4 
Millwrights, 40 
Millwrights’ shop, 210 
Minimum allievaiiee, 123 
stock, 405 

Mmuteis of u orks committees, 173 
Modern machines, exanqiles of, 95 
Moditicat»ion of spe'citications, 395 
Modified geiairal lighting, 84 
Motion and time study, 205 
— economy, principles of, 208 
Motorized time recorder, 210 
Moving belts from oia^ pull(\y to another, ISO 
Multi-hunu^r oxy-acetylenc^ cutting macliine 97. 
Multi -story buildings, 32 

National certificate, 200 

— scheme for physical training and r(*cr<*a- 
tioii, 1 73 

Nat-ural lighting, 77 

— - - ventilation, 07 
Net tolerance, 123 

New works, allocation form, 327 

— estimate form, 327 

Non-ferrous foundry, mechanization of, 420 
Non-productive statf, 239, 244 


Non-productive staff, payment of, 285 
Non-variable worksliop expenses, 227 
Normalizing, 42 
Notched bar test piece, 402 
Notice boards, 1 74 

OnsKKVATiONS, time stialy, 271 
“Ofifeut “ rack, 410 
Offici* furniiun', 45 

layout, 45 

orgamzat ion, 238, 239 
studies, 273 
training, 210 
Offices, general, 43 
Open It'dge type shelving, 409 
type sh(4ving, 408 
( )perat mg act i\ ities, 2 
Operation analysis, 200 
of machine, 200 
schedule, 313 
•^ht'ets, 334 
OperaU)!’, 206, 271 
Oral examination, 159 
Ord<*ring spi'cificat ions, 39l> 

Orders, cancellation of, 430 

Ordinary national engm«‘<M‘ing cert itii-ate, 200 

Organization 

<It'\ I'lopmi'nt ,of, !1 
functional, 0 
line and statf, 7 
military, 4 
tyjies of, 4 

Ov’<‘rhead structure', 428 

travelling craiu's, 253 
0\('rIoadmg of diities, 1 1 
Ovi'i’t ime ret urn, 29 1 
Ownership, 1 
Oxygen cylindi'rs, 59 
[iijM' line, 59 
f)lant , 59 
supply. 59 

Pack/mo, 40 

mate'i’ialh, 3H t 
\iinlingof mai'hiiH'rv , 90 
^irtiH'rsfiip, 1 
^iHi'afs Jaw, 58 
5iten1s, 375) 

5itt<Mn-makmg, 40 
bittern hho]), 209 
5iy envelojies, 25)8 
*avfneiit by results, 274 
, terms of, 384, 427 
, wit h holding of, 388 
Permitted route vs, 175) 

Pe^rsonal ri'epiin^iiK'iits, 214 
Persomu'l, 24, 152 

de]jartnu'nt, functions of, 152 
Photome*t(T, th(’, 81 
Photometric curve', the, SO 

Physical training and ri'cn^ation, national sehemei 
for, 173 

Pie^e'work and jire'iniiim syst-ems of paynicMit, 
e'xamples of, 277 
— - pricers, fixing of, 282 
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Piecework system, 275 
Pipes, painting of, 60 
Pitch, 133 

measuring machine, 134 

Pits, 179 

Plain premium system, 275 
Planing machines, speciheation of, 424 

, tandem table, 110 

Planning a lighting installation, 82 

, production, 330 

Plant, power distribution in, 55 
Plate work, 40 

Plenum combined with extrac‘tion, 70 

system, 70 

Pneumatic power, 56 

tyres, 378 

Portable time detector, 224 
Power distribution in plant, 55 
factor, 53 

— hammers, 180 

-- plant, maintenance of, 60 

— service, reliability of, 55 
services, 23 

- stations, central, 50 

- supplies, 49 
Practical tests, 160 

training, 207 

Practitioner, 160 
Pro-heating of air, 72 

Preliminary considerations for factory site, 1 4 
Premium bonus cards, 293 

systems, 275 

pupil, the, 212 

— systems, economics of, 279 
Printed forms, 238, 239 

returns, 238, 239 

Product, merit of, 420 
Production areas, planning of, 35 
- engineer, 12 

— materials, 390 

— planning, 330 

department, functions of, 330 

system, operation of, 340 

Profit-sharing, 274 
Proforma, adoption of a, 371 
Progress boards, 354 

charts, 352, 356 

“slide rules,” 356 

Progressing, 351 

— and scheduling, 351 

— to scheduling, relationship of, 351 

stores stock orders, procedure for, 357 

Promotion, 160 

Propeller fans, 70 
Publicity, 421 
Pupilage, 206 
Purchasing, 382 

department, functions of a, 382 

— price of factory site, 23 

— records, 382 

Putting in electric globes, 180 

Quality of stores, 386 
Quarrelling, 179 
Quotations, 430 


Racks for time cards, 217 
Radial drilling machine, 1 06 
Rate-fixers, 238, 239 
Rates of pay, 153 
Raw material store, 41 
Receiving centres, 407 

department, 43 

Record of workshop training, 20 1 
Recording, time, 215 
Reference files, 329 
References, 388 
Reflectors — 
angle type, 86 
concentrating typo, 86 
dessign of, 85 

diffusing typo fittings, 86 
dispersive type, 86 
Re-heating, 42 

Reinforced concrete tracks, 262 
Reliability of service, 53 
Removing borings, 180 
Repair cost of machine tools, 116 
Repetition work, 344 
Requisitions, 334 
, stores, 41 1 

KoHc^arch and teclmieal development, 372 

, application of, 378 

department, aims of a, 372 

— laboratories and porsomiel, 375 

problems, classification of, 375 

Respirators, 180 
Restricted production, 237 
Return of goods, 430 
Revolving cowl type extractor, 68 

tool rack, 141 

Rights of way, 20 
Hoads, 261 
Roofing, 32 
Hoof ventilators, 67 
liostored shifts, 1 69 
Rotary disc feeder, 428 

sand screen, 428 

scale, 356 

Routine duties, 432 
Rowan premium system, 276 
Royalties, 385 
Rubber parts, 37 
Running fit, 125 

Safety first notice's, 181 

‘precautions, 176 

booklet, 179 

Sale, conditions of, 429 
Sales dipartment statistir^s, 433 

— manager, responsibilities of the, 419 

organization and tendering, 419 

Salesman’s methods of working, 432 
Salesmen, effectiveness of, 430 

, selection of, 432 

, supervision of, 432 

, training of, 432 

Sand disintegrator, 428 

mill, 428 

storage hopper, 428 

Scheduling, 351 
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School certificate, 206 

Scientific and Industrial Rt^stuurli, (lovminu'iit 
Department of, 374 
Serap material, 343 

orders, 334 

Screw threads, 132 

^ errors of, 133 

Soloction of factory site, 14 
— of salesmen, 432 
Semi-automatic pattern milling machine, 

Service areas, 36 

bonuses, 275 

materials, 390 

record, 166 

Sotting of tool in inachino, 123 
Shareholders, 1 
Sheet metal work, 40 
Shelving, 408, 409 
Shop scheduling, 239 

transport, 239, 250 

Shops and works comiuittccs, 172 
Shunting locomotives, 263 
Sill ratio, 78 

Single motor main (lriv<‘, 55 
Single-story buildings, 28 
Site questionnaire, 16 
Slag, 180 
Slip buslit's, 146 
Smoking, 179 
Space reqiiireni(mts, 360 
Spacing ratio, 82 
Special bonuses, 275 

purchase, example of, 390 

Specification, departure from, 383 

for brass rods, 392 

bending test, 393 
manufacturing toliu'ance, 392 
results of test/, 393 
sub-letting, 393 
tensile test, 393 

Specifi(;ation for general steel castings, 393 
amiealing, 393 
bend test, 394 
markings, 394 
tensile test, 394 
test blocks, 394 
test pieces, machining of, 394 
Specification for round steel liars for automatic 
machines, 391 
general clauses, 392 
manufacturing toleranci*, 391 
marking, 392 
tests, 391 

Specification for sti'el conduit and fitt.ings lor 
ele(3trical wiring, 395 
bonding test, 395 
flattening test, 395 
galvanizing test, 395 

malleability of cast-iron fittings, test for, 395 
mechanical tests, 395 
Specification for steel files, 394 
hardness of test bars, 395 
Specifications, 302 

, importance of, 390 

Spending sometimes saves, 248 


Sprinkler systems, 41 1 
Staff amenities, 174 

— — man, 9 

— , non-productive, 244 
records and statistics, 166 

— , selection of, 157 
Stamping, 37 
Standard design, 366 
documents, 331 

— instructions to guidt's, 3(>9 

practice, departure from, 350 

— instructions, 367 

system of distribution, 53 

Standardization, 410 

, industrial, 363 

Statistics, 231 

Steam power and droj) hammers, ISO 
Steel bars, identification of. 41 1 

frame construction, 30 

Stock lists, 334 
oidors, 357 
Storage, 430 

bins, 407 

hoppers. 428 
Storekeeping, 405 
Stort'H buildings, layout of, 406 
(‘utalogue, 41 1 
coilings, 411 

demand and rocovcu’)/ note, 344 
department, 239, 405 

- , evaluation of, 388 

l(*dgor, 415 

— requisitions, 411 
su])orin ten dent, the, 405 

tenders, 386 

, verification of, 415 

Striking a file witli a haiiuiKT, 179 

— hardened stewd, 179 
Subdetting, 384, 389, 393 
Suggestions, employees’, 248 
Superintondonco, 236 
Supervision of salesmen, 432 
Supplies, siJurcoB of, 383 

Supporting Htru<*turo for dislllt^^g^ator, 428 

Surplus material, 415 

Switchgear, 53, 425 

Systematic* mauagcMnent, 2 

System for progressing work, 239 

'Panokm planing inachineH, 423 
d’c'cliniral engineer, 12 
litcTature, 421 

— — refercjiice file*, 381 

Horvjce, 435 
Tc'chnicians, 311 
'rernpe^ratures, working, 68 
Templets, 150 

'r<*iHler and Kpecifi(‘atioTi, 383 

- for the purchase of stores, 386 
'PendcTing, 419, 421 
-- — , method of, 423 
Tensile k'st, 391, 393, 394 
Tension test, 399 
Terms of payment, 386 
Test blocks, 394 



464 


WORKS OttCIANlZATTON AND MANAGEMENT 


Test pieces, machining of, 394 
Testimonials, 160 
Testing, 384 

machine, universal, 399 

bend test, 399 
compression test, 399 
tension tost, 399 
transverse test, 399 
Textiles, 378 

Theoretical knowlo(lg(3, 206 

training, 205 * 

Therbligs, 268 
Therm, 59 
Time cards, 217 

- -, racks for, 217 

tletector, portable, 224 

njcordors, 215 

, electrically-controlled, 215 

, location of, 217 

, motorized, 216 

- - recording, 215 

, advantages of, 222 

— oquiprm'nt, inainti'imuco of, 224 

instructions—- 

for employees, 219 
for personnel cU^partnu'nt, 221 
for sho}} clerks, 221 
Time signals, 224 

- ~ study, 265, 270 
Time-table, 260 

'Pitle deeds of factory site, 20 
Toggle clamp, rajjid acting, 150 
Tolerance, 123 
Tool charts, 142 

hardener, 166 

room, the, 1 17 

shadow boards, 142 
shop, 43 

- — stores, 140 
Tools, 179, 266. 270 

— , method of issuing, 140 
Top rake, 119 

Town veraua country situation of factory sit' 
Tracks, 261 
Tractors, 255 

Trai le af ) prentice appl i can t s , 159 

- — marks, 379, 381 
Training — - 

additional, 210 
office, 210 
of salesmen, 432 
practical, 207 

scheme for higher grades, 21 1 
theoretical, 205 
TransfereiK'o of size, 133 
Transparent pay envelopes, 298 
Transport, 35 

depots, grouping of, 260 

officer, 263 

records, 263 

, running costs of, 263 

, shop, 250 

time-table, 260 

Transverse tost, 399 
Travelling cranes, 253 


Troughed belt, 427 
Trucks, 255 

True-to-scale prints, 305 
Tungsten carbide, 1 1 9 
Twist drills, 123 

Type of operator to be observed, 271 
Typewriting, 273 

Unit drawings, 303 
of gas, 59 

Universal gear testing machine, 137 
pitch measuring machine, 134 

— testing machine, 399 
University, 206 
Unpunctual ity, 215 

Vakiable speed pulley drives, 92 

workshop expenses, 227 

Ventilating and heating plant, installation of, 74 
Ventilation, 61 
, natural, 67 

— systems, combined heating and, 72 

^ medianical, 70 

Ventilators, louvu'e roof, 67 
, roof, 67 

Vertical boring and turniijg nulls, 105 

rod and bar racks, 4)0 

Visits to w'orks, 369 

Wages cost, faetprs influencing, 321 

— documents, scrutiny of, 296 
, payrnent of, 296 

— tickets, 334, 342 
Warehouse, 418 

Waste, classiticatioii of. 237 
, elimination of, 237 

— notices to avoid, 248 

heat, utilization of, 66 

Water supply, 22 

- - regulations, 22 

Weekly payments for partial incapacity com- 
pensation, 188 
VV'eUling, 43 

Welfare committee, 175 

work, 174 

Wood blocks, 262 
Work book, 291 
groups, 238 

— - place, arrangement of, 269 

— - points overloaded, 360 
Wojking conditions, 166, 266 

— drawings, 299 
instructions, 435 
t/canperaturos, 68 

— vreek, 155 

Workmen’s Compensation, 184 

average earnings of a workman, 189 
dependants entitled to compensation, 184 
fatal accidents, 189 

meaning of “employer” in the Acts, 188 
weekly payments for partial im*apacity com- 
pensation, 188 

Works and shops committees, 172 

annual report, 248 

committees, minutes of, 173 
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Works drawing stores, t ht*, 307 

fire brigade, 47 

iiianageiiient, 1 

- — order, the, 331 

organization, 1 

transport routes, plan of, 201 

visits, 369 

Workshop expenses, 226 
coding of, 226 
method of expressing, 229 
non-variable, 227 
variable, 227 


W orkshop 1 raining - 
coding of sections, 193 
flexibilitj’^ of Larkin system, 203 
fuiidameutal principles of, 196 
li> 7 )othotical case, 196 
Larkin system of, 193 

m operation, 197 

method of recording progress, 203 
record of, 201 

selieme for coppersmiths’ shop, 197 
scheme for enicting shop, 19S 
\\ ritten ortli'r, 429 
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THE WORLD’S LEADING 

DRILLING, BORING & MILLING 

MACHINE SPECIALISTS 


When considering new installations, or when 
faced with drilling, boring or milling problems, 
always consult ASQUITH in the first place, thus 
saving time and money and avoiding undue worry. 

ASQUITH knowledge and experience of the 
machine tool requirements of all branches of 
engineering, accumulated over three-quarters of a 
century, is at the disposal of all production engin- 
eers. many of whom Instinctively turn to ASQUITH 
for the expert advice and service which is always 
readily available. 

Specialities include: 

Radial and Vertical Drilling Machines 
Horizontal Boring Machines 
Milling Machines 
Profiling Machines 

Special Machines for Aircraft, Armament and 
Automobile work 
Special Machines for Railway work 

Up-to-date informative literature describing the 
firm’s products will be gladly forwarded to readers 
of this book on application. 

WILLIAM ASQUITH, LIMITED 

HALIFAX, ENGLAND 


TELEPHONE: 61253 


TELEGRAMS: “ DRILL, H/"FAX” 




